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» memorandum on the

This letter transmits URS Corporation’s (URS) conceptual: 101
Salton Sea. Our scope of work

development of dam and barrier concepts for restoration
included facilitating an engineering workshop to review, and develop concepts, additional
engineering analyses, and development of appraisal level cost estimates. This work was completed
in general accordance with our proposal dated Nov -mbe 2003 and your authorization dated
March 9, 2004, and was funded by the U.S. Bureau of Reclamation (USBR).

The results of this work indicate that the mid-Sea dam and barrier concepts developed herein are
viable methods to help achieve the Salton Sea Authority’s goals of the restoration project. However,
the scale of the project, construction below Sea levels, weak foundation soils, and the presence of a
significant seismic source adjacent to the Sea will be challenging aspects of the design and
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SECTIONONE Introduction

SECTION 1 INTRODUCTION

This conceptual design memorandum presents the results of URS Corporation’s (URS) technical
development of mid-Sea dam and barrier concepts for restoration of the Salton Sea (Sea). The mid-Sea
dam or barrier would be a major component of restoration schemes currently proposed by the Salton Sea
Authority (SSA). The memorandum includes the results of concept development, preliminary engineering
analyses, and appraisal level cost estimates.

1.1 BACKGROUND OF RESTORATION PROJECT

The Sea is located in Riverside and Imperial Counties in southern California, south of Indio and north of
El Centro. The Sea is situated in a closed basin, more than 200 feet below sea (ocean) level, and has no
natural outlet. Although lakes have existed in this basin in the past, the current body of water formed in
1905 when a levee break along the Colorado River caused flows from the Colorado River to enter the
basin for about 18 months. Since 1905, the Sea has fluctuated in size with varying inflow, and it recently
has had a surface area of 365 square miles. A balance between inflowing water and evaporation sustains
the Sea.

With no outlet, any salts that are dissolved in the inflow are trapped, although some do precipitate. Salt
concentrations are currently about 44,000 milligrams per liter (mg/L), or about 25 percent higher than
ocean water. Salinity will continue to rise under current conditions. A reduction in inflow will cause the
Sea to shrink and cause salinity to rise faster that it would have without the reduction in inflow. The
Quantification Settlement Agreement (QSA) signed into law in late 2003 will likely reduce the inflows to
the Sea.

A Status Report (USBR, 2003b) provides a summary of the status of the evaluation of alternatives under
consideration for salinity. The primary purpose of that planning study was to evaluate possible methods
of controlling the salinity and elevation of the Sea. The study also includes elements that address other
issues at the Sea, such as high levels of nutrients. Fourteen alternatives providing a range of salinity and
elevation control benefits and costs are presented in this report. For ease of presentation and
understanding, alternatives were divided into the following categories:

e Salinity control alternatives
e Salinity and elevation control alternatives
e Causeway/barrier alternatives (the terms causeway and barrier are interchangeable in this report)

e Specialized diking alternatives

Methods to control salinity and elevation include pumping water out of the Sea with discharge to some
remote location; pumping water out of the Sea with discharge to local desalting plants or evaporation
ponds, possibly in combination with enhanced evaporation systems that would require disposal of salt
residues near or within the Sea; and dividing the Sea through the construction of dikes so that one portion
serves to concentrate and isolate salts from the remainder of the Sea. The most practical and promising of
these options would involve some in-Sea construction of dams or barriers to facilitate the desired salinity
and elevation controls.
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SECTIONONE Introduction

The most cost-effective location for a dam or barrier that would reduce the evaporative surface of the Sea
is what has been termed the mid-Sea location. The alignment for this location runs from the west shore of
the Sea about one to two miles south of Salton City, to the east shore of the Sea, about two miles north of
Bombay Beach, a total length of about 8% miles (Figure 1). This location minimizes the length of the
structure as well as the evaporation area of the remaining part of the Sea. The combination of shallower
water depths and narrow Sea width at this location allows for the least volume of embankment material
than other alignments that would be required to reduce the Sea surface by similar amounts.

The mid-Sea dam concept would divide the Sea to create two separate bodies of water, providing a
hydraulic barrier and maintaining the elevation of the Sea on one side of the dam while providing a
repository for hypersaline waters at a lower elevation on the other side of the dam. One side of the dam
would be allowed to shrink in size and increase in salinity, whereas the body of water on the other side of
the dam would receive sufficient flows from the New and Alamo Rivers to maintain a salinity level near
present levels. The dam concepts would provide both elevation and salinity control on one side of the
dam.

The mid-Sea barrier concept would separate waters of different salinities, but would not provide a barrier
to hydraulic heads. Similar to the mid-Sea dam concept, one body of water would receive sufficient flows
from the New and Alamo Rivers to maintain salinity levels near the present levels. The other body of
water would become the terminal location of dissolved salts, where salt concentrations would eventually
increase to the point where salt crystals would begin to precipitate from solution. Dissolved salts would
migrate to the hypersaline body of water through the displacement of saline water by inflows of the New
and Alamo Rivers. Large culverts constructed through the barrier would allow for flow between the
bodies, such that the hydraulic head across the barrier would be balanced. The barrier would provide the
ability to control salinity on one side of the barrier but would not provide elevation control on either side
of the barrier.

Previous concepts for the mid-Sea dam and barrier were developed during engineering workshops in late
2002 and in mid-2003. The concepts developed at these workshops included relatively impervious dam
and perimeter dikes, and barriers constructed of earthen materials. These concepts were developed using
the collective experience of teams of government and consulting engineers; no site-specific geotechnical
information was available during development of the concepts.

1.2 PRELIMINARY GEOTECHNICAL INVESTIGATION

The mid-Sea dam and barrier concepts would involve extensive embankment construction and the
requirements for foundation preparation are a critical design and cost consideration. In recognition of this,
a preliminary geotechnical investigation was undertaken in late 2003 to develop a general characterization
of the foundation conditions at the mid-Sea location, and at other locations around the perimeter of the
Sea. A secondary objective of the investigation was to evaluate the potential for obtaining suitable borrow
materials from within the Sea for embankment construction. The results of the investigation are presented
in a report that is available on SSA’s website; www.saltonsea.ca.gov (URS, 2004).

Drilled and sampled borings and Cone Penetration Tests (CPTs) were utilized to explore the subsurface
conditions within the Sea. A self-propelled jack-up barge provided a stable platform for the exploration
activities. A total of 11 borings and 17 CPTs were completed throughout the Sea during the exploration
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SECTIONONE Introduction

program, to depths ranging from 30 to 150 feet below the seafloor. A series of borings and CPTs were
performed along a mid-Sea alignment in the narrowest part of the Sea, and also at various locations
around the perimeter of the Sea. An extensive laboratory testing program was undertaken on the soil
samples obtained from the investigation to characterize the physical and mechanical properties of the
soils.

The explorations for the preliminary geotechnical investigation encountered primarily fine-grained (silts
and clays) lacustrine deposits underlying the Sea. Immediately underlying the seafloor, the lacustrine
deposits have most likely been deposited in the lake environment and have never been dried out or
desiccated. As a result, they are of low strength and high compressibility. The weak deposits will have a
significant impact on the design of embankments in the Sea. In the central and eastern portion of the mid-
Sea alignment, these weak soils extend to depths of 40 to 45 feet. With depth, the lacustrine deposits
typically became stronger, probably because these sediments were laid down in ancient ephermeral lakes
and have gone through wetting and drying cycles. As a result, the consistencies and strengths of these
materials are variable. Some granular (sandy) alluvial deposits were encountered near the shoreline of the
present Sea, primarily along the western shore, and typically grade laterally (with distance from the
shoreline) into the lacustrine deposits.

1.3 PURPOSE AND SCOPE OF STUDY

The purpose of this study was to reevaluate the previous mid-Sea dam and barrier concepts in light of the
site-specific results results obtained from the preliminary geotechnical investigation. Additional concepts
appropriate for the site conditions were also to be evaluated. The scope of the study is outlined in the
following tasks.

1.3.1 Task 1.1 - Preliminary Stability and Seepage Analyses

Static stability and seepage analyses were performed to assess the appropriate cross section for the dam or
barrier embankment or structure. Parametric stability analyses were performed to evaluate the
requirements for combining some overexcavation of the weak foundation soils with an appropriate
inclination of embankment slopes. Seepage analyses were performed to evaluate the permeability and
embankment width requirements to mitigate against high seepage velocities that could erode the
embankment. Settlement analyses were also performed to evaluate freeboard requirements, and to account
for the additional embankment material that may be required due to compression of the foundation soils.
Data on sediments were also reviewed to facilitate an evaluation as to whether borrow materials dredged
from the Sea will be a suitable source for fill.

1.3.2 Task 1.2 - Projected Draw Down of the Sea

Some restoration strategies involve designs of in-Sea structures at Sea levels lower than the present level.
These strategies could involve construction at future times when Sea levels have been drawn down by
reduced inflows. Estimates of the future Sea levels were made using the USBR Salton Sea Accounting
model. Estimates were made for the downstream Sea level of the mid-Sea dam and the ultimate Sea level
for the barrier concept.
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SECTIONONE Introduction

1.3.3 Task 1.3 — Reevaluation of Unit Costs

Unit costs used for the previous concepts were perpetuated from costs used for the Draft EIS/EIR and did
not account for the potential source of the materials or quantities that may be required. These were
reevaluated based on potential borrow sites that have been identified. Unit costs were developed based on
the labor, equipment and materials that would be required to develop the quantities anticipated in the
conceptual designs.

1.3.4 Task 1.4 - Update Previous Conceptual Design Concepts

Previous design concepts were reviewed for applicability given the site-specific conditions. The previous
concepts were revised to account for different amounts of overexcavation of the foundation soils,
different embankment inclinations, and additional quantities to account for settlements. Appraisal level
cost estimates were developed for conceptual designs of facilities constructed at various water depths.

1.3.5 Task 1.5 - Develop New Design Concepts

New concepts for both the mid-Sea dam and barrier were developed that were appropriate for the site’s
foundation soils and seismic exposure were developed. Drawings of the conceptual designs were
developed to depict the design and appraisal level cost estimates for the new concepts were prepared.

1.3.6 Task 1.6 - Workshop and Report Preparation

A one-day workshop of 15 government and consulting engineers was convened on March 23, 2004 to
review the previous dam and barrier concepts in light of the results of the preliminary geotechnical
investigation. In addition, new concepts were developed that recognized the site-specific geotechnical
investigations and potential for high seismicity at the site. The workshop also provided a forum to obtain
comments on the results of the geotechnical investigation from the group of engineers. The results of the
study are provided in this conceptual design memorandum.
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SECTIONTWO Preliminary Engineering Analyses

SECTION 2 PRELIMINARY ENGINEERING ANALYSES

The dam and barrier alternatives consisted of either earthen embankments or, structures constructed of
steel sheet piles or precast concrete. Conceptual designs were formulated based primarily on foundation
considerations; e.g. slope inclinations for the embankments that would be statically stable, and structure
widths that would resist sliding and overturning for the water heads to be retained. Seismic design
considerations were incorporated using precedent and engineering judgment. Additional analyses
included estimates of the Sea level drawdown for the downstream pool for the dam concept and the
ultimate level for the barrier concept.

2.1 DRAWDOWN ANALYSES

The Salton Sea Accounting spreadsheet model (USBR, 2003b) was used to estimate the level of the Sea
for various scenarios.

21.1 Dam Concept

It is currently proposed that the hyperlsaline side of the dam would be on the south side. The Sea level on
the north side will likely be lower than —230 feet MSL to accommodate transfer of waters from the New
and Alamo Rivers without pumping; and may vary between —230 and —240 feet MSL. Figure 2 presents
the water level on the south (downstream) side of the dam for varying Sea levels. This analysis assumes
flows reduced to those in the QSA yet with mitigation water flowing to the Sea until 2018. This analysis
indicates that the downstream pool will be at elevations varying from about —255 to —260 feet MSL.

21.2 Barrier Concept

For the barrier concept, the Sea will shrink until the inflows balance the evaporative losses. Figure 3
illustrates the Sea level without the restoration project (barrier concept). This analysis projects the Sea
level to be at —247 feet MSL with the barrier concept, for inflows anticipated with the QSA, and
mitigation water flowing to the Sea until 2018.

2.2 EMBANKMENT STABILITY ANALYSES

Static slope stability analyses were performed to evaluate the appropriate side slope inclinations for the
embankments incorporated into the dam and barrier concepts. These inclinations should be confirmed
during further design development by performing seismic response analyses.

2.21 Methodology

The static slope stability analyses were performed using the two-dimensional computer program
SLOPE/W, Version 5.17 (Geo-Slope International Ltd., 2003b). The analyses were based on the Spencer
Method of Slices for force and moment equilibrium stability. Analyses were performed for each of the
embankment alternatives for the dam and barrier concepts.
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SECTIONTWO Preliminary Engineering Analyses

The results of the stability analyses are presented in terms of factors of safety. Factors of safety are
defined as the ratio of the total stabilizing forces/moments along an assumed sliding plane divided by the
total sum of external and internal driving forces/moments acting on the sliding mass. Typically, a factor
of at least 1.5 is desired for long-term stability.

2.2.2 Material Properties

The material properties used for stability analyses were based on the results of laboratory testing from the
geotechnical investigation and input from the engineering workshop participants. The material properties
used in the analyses are summarized in Table 1.

Isotropically consolidated undrained (ICU) triaxial compression strength tests were performed on the
foundation soils for the preliminary geotechnical investigation. However, index properties obtained on the
weak foundation soils, and the depositional environment, were very similar to those obtained on clays
underlying or in the vicinity of the Great Salt Lake in Utah. Extensive studies performed on those clays
indicate anisotropic strengths; e.g. varying strengths depending on whether the soil is being compressed,
sheared or in extension. Workshop participants indicated that the shear strengths could be lower than what
was indicated by the ICU tests. Therefore, anistropic strength parameters were developed for use in the
stability analyses.

An undrained shear strength ratio (c,/c’y) of 0.35 was used for vertical (compressive) shear, based on the
results of the ICU tests. A c /o’y ratio of 0.25 was used for horizontal shear, based on published
correlations (Ladd, 1991). The c,/c’y ratio for each slice in the stability analysis is interpolated between
0.35 and 0.25 based on the inclination of the base of the slice. The strength of the foundation material was
calculated based on the vertical effective stress and the ¢,/c’, ratio.

2.2.3 Input Parameters

The stability analyses for the dam concept incorporated a crest elevation of —225 feet MSL, allowing for 5
feet of freeboard with a water level of —230 feet MSL on the upstream side of the dam. This freeboard
was based on engineering judgment and previous reservoir designs in the area. Wave runup analyses for a
specific dam location and wind fetch will need to be performed, as the design is further developed. A
water level of —255 feet MSL was used on the downstream side of the dam, based on the drawdown
analyses. Steeper slope inclinations were possible on the upstream side of the dam due to primarily
buoyant weights being the driving force.

The barrier concepts were analyzed for a crest elevation of —242 feet MSL, also allowing for 5 feet of
freeboard with a water level of —247 feet MSL on both sides of the barrier.

The slope stability analyses were performed assuming some removal of the weak foundation materials.
Preliminary analyses for the dam concepts indicated that it was more economical to limit the depth of
overexcavation of the weak materials and to use flatter slope inclinations. A maximum overexcavation
depth of 25 feet was selected based on judgment and previously constructed projects on similar soils, e.g.
the Great Salt Lake railroad causeway (Casagrande, 1974). This maximum depth of overexcavation was
used below the toes of the embankment whereas it was decreased to only 10 feet of overexcavation below
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SECTIONTWO Preliminary Engineering Analyses

the crest of the dam. The reduced overexcavation was used to reduce both the dredging and embankment
quantities. For the barrier concepts, some depth of removal was required, and 10 feet of overexcavation
below the entire embankment was selected based on judgment.

2.2.4 Results

The slope stability analyses were performed for various embankment slope inclinations until a static
factor of safety of at least 1.5 was achieved. The resulting slope inclinations for each concept are
presented in Sections 3 and 4 where each concept is discussed. These same slope inclinations were
conservatively assumed for concepts that would entail Sea levels lower than —230 feet MSL.

The results of the embankment slope stability analyses are presented in Table 2. Graphical results of the
slope stability analyses are presented in Appendix A. In these figures, the assumed sliding surface and
rotation center (of the sliding surface) are shown. The vertical lines within the sliding surface represent
slices for computational purposes; the moments and forces acting on each slice are computed to calculate
the factor of safety. The contours shown above the embankment represent rotation centers with similar
factors of safety. The rotation center with the minimum factor of safety is labeled.

2.3 COFFERDAM STABILITY ANALYSES

The cofferdam concepts were sized using static limiting equilibrium analyses for overturning and sliding.
These analyses assume that the cofferdams act as rigid bodies. The systems were not analyzed for racking
(internal horizontal shear) or vertical shear because it was assumed that the soils within the cofferdams
would be densified by vibroflotation or solidified by deep soil mixing (DSM). Sliding was the controlling
failure mode, and thus, the cofferdam systems were sized to provide a minimum static factor of safety of
1.5 against sliding. The bearing capacity of cofferdam solutions is an issue that should also be evaluated if
the design of these systems is to be further developed.

The dam and barrier cofferdam concepts also incorporated 5 feet of freeboard with crest elevations of
—225 and -247 feet MSL, respectively. A water level of —255 feet MSL was used on the downstream side
of the dam. The reduction in cofferdam width for Sea levels lower than —230 feet MSL were assumed to
be proportional to the height reduction.

The material properties used for cofferdam stability analyses were based on the results of laboratory
testing from the geotechnical investigation, a review of available information, and engineering judgment.
As discussed previously for the slope stability analyses, anisotropic strengths were used for the weak
foundation materials. Table 3 presents a summary of the material properties used for the cofferdam
stability analyses.

2.4 SETTLEMENT ANALYSES

Preliminary settlement analyses were performed to estimate the magnitude of consolidation settlements
that will occur beneath the embankments. These preliminary analyses only considered the primary
consolidation settlements for the seafloor and soft lacustrine deposits. It is anticipated that most of the
consolidation settlements will occur in these deposits due to the large increases in effective stress (relative
to existing overburden pressures) and their high compressibilities. Excess pore pressures will be generated
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in these soils when the load of the embankment fill is placed. Settlements will occur as these pore
pressures dissipate and the soils consolidate.

Settlement analyses were not performed for the cofferdam systems, as these systems are typically founded
below the depth of soft soils encountered in the geotechnical investigation. Some settlement of the
cofferdams may occur, but these settlements were not evaluated as part of this study. Further evaluation
of the potential settlements of the cofferdam systems should be performed as part of further design
development for these concepts.

The consolidation parameters developed during the geotechnical investigation were used to determine the
magnitudes of consolidation settlement. The maximum settlement would occur beneath the crest of the
embankment where the load is the greatest, and the minimum settlement would occur at the toe of the
embankment where the load is the smallest. The average settlement across the bottom of the embankment
was estimated to be approximately 60 to 65 percent of the settlement beneath the crest. An average
settlement of 6% and 4% (of the remaining compressible materials) was estimated for the dam and barrier
concepts, respectively. The settlement of the dam is larger due to the greater embankment height and
corresponding load on the foundation soils.

The embankment designs could accommodate the post-construction settlements by initially overbuilding
the embankment such that the freeboard is maintained when the consolidation settlements are complete,
or by periodically raising the embankments as the settlements occur. The consolidation of foundation
materials would increase the quantity of materials required to construct the embankments. An average
settlement across the bottom of the embankment (modeled as a percentage of the remaining soft soils)
was used to estimate the additional quantity of embankment materials.

2.5 SEEPAGE ANALYSES

Seepage analyses were performed for the embankment dam concepts using the two-dimensional computer
program SEEP/W, Version 5.17 (Geo-Slope International Ltd., 2003a). Analyses were performed to
evaluate the seepage quantities and to evaluate the potential for erosion and piping of the embankment
materials. The seepage quantities and erosion and piping potential are influenced by the material
permeability and embankment geometry.

Embankments with a crest width of 30 feet and slope inclinations of 6:1 and 10:1 (horizontal:vertical)
were modeled with permeability values of either sand or rockfill. The analyses indicated high seepage
quantities through the embankment regardless of the selection of sand or rockfill. Seepage prevention
measures such as a seepage blanket, cutoff, or lower-permeability core will be required for the
embankments to prevent significant loss of water through the dam. However, the analyses did indicate
low gradients (low seepage velocities) at the downstream toe of the embankment, where the potential for
erosion and piping is highest.
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SECTION 3 ENGINEERING WORKSHOP

A one-day workshop of 15 government and consulting engineers was convened on March 23, 2004 to
review and revise the previous dam and barrier concepts in light of the results of the preliminary
geotechnical investigation. In addition, new concepts were developed that recognized the site-specific
geotechnical investigations and potential for high seismicity at the site. The workshop also provided a
forum to obtain comments on the results of the geotechnical investigation from the group of engineers.
Biographical sketches of each of the workshop attendees are presented in Appendix B.

Several design and construction issues were raised at the engineering workshop. The more significant
issues included:
e Anisotropic strengths should be assumed for the weak foundation soils;

e Seismic deformations may control the slope inclinations given the proximity of a large seismic
source (San Andreas fault);

e The Sea level may need to be lower than —230 feet MSL on the north side of the dam to allow for
gravity flow from the New and Alamo Rivers;

e A risk based approach to design should be warranted given the scale of the project and
consequences of failure;

e Hydraulically placed fills should not be considered for embankments due to high liquefaction
potential;

e Rock fills are desirable to mitigate the liquefaction potential of uncompacted embankments;
e A seepage cutoff would be required for rockfill embankments;
e Rockfill gradation requirements will need to consider method of transport and placement;

e Composite slope inclinations (e.g. steeper in the upper part of the embankment) should be
considered in further design development;

e Staged filling of embankments will likely be required to allow strength gains in the foundation
soils;

o Test fills should be used to refine embankment design during further design development;
e A simplified embankment section is desirable for underwater construction;
e Hydraulic dredging would be the most economical means for the overexcavation removals;

e Waves on the Sea make the use of floating conveyor systems questionable.

The issues raised for a particular concept are outlined in Section 3 and Section 4 for the dam and barrier
concepts, respectively.
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SECTION 4 DAM CONCEPTS

Three concepts had previously been proposed for the mid-Sea dam. These were 1) a Seismic Dike, 2) a
Steel Sheet Pile Cellular Dam with Compacted Earth Dam, and 3) a Dumped Fill Dike with Slurry Wall
(USBR, 2003a). Revisions (or elimination) of these concepts were made and new concepts were
developed based on input from the engineering workshop.

4.1 SEISMIC DIKE

This concept consists of an embankment built “in the dry” with the embankment materials compacted to
withstand earthquake loading. A conventional zoned embankment dam consisting of sand and gravel with
a silt/clay core and filter would be constructed. Dewatering an area within parallel sets of temporary
cofferdams would provide the dry conditions. The embankment would be built in segments to allow
reusing the cofferdam materials. This concept is shown in Figure 4.

The roller-compacted concrete (RCC) or soil-cement mat was eliminated from the seismic dike concept at
the engineering workshop because the workshop participants felt that conventional overexcavation and
recompaction would provide a suitable base for the embankment. The earthen fill would be a less costly
alternative than the RCC.

The foundation soils were modeled with anisotropic strengths. The conceptual design includes
inclinations of 5:1 (horizontal:vertical) on the upstream slope and 7:1 on the downstream slope. The crest
of the dam would be 30 feet wide (to allow for two-way traffic) and provide for 5 feet of freeboard above
the Sea level. An overexcavation depth of 10 feet was used beneath the embankment crest, and an
overexcavation depth of 25 feet was used beneath the embankment toes. An additional embankment
volume was calculated based on an average settlement of 6% of the unexcavated soft soils over the entire
width of the embankment.

An advantage of the seismic dike concept is that the dry construction method allows compaction of the
embankment materials and would be more stable during a seismic event. However, extensive cofferdams
are required for the temporary dewatering, and staging of the construction would be complex.

4.2 DSM CELLULAR COFFERDAM

The previous cellular cofferdam concept incorporated a compacted embankment on the downstream side
of a sheet pile cofferdam. The embankment was incorporated because the steel sheet piles would
eventually corrode, which could impair the structural integrity of the cofferdam. The revised concept
eliminates the embankment and instead solidifies the soils within the cofferdam using Deep Soil Mixing
(DSM). DSM consists of solidifying materials by mixing cement into the soils with large augers. Once
the steel corrodes, the cofferdam would maintain its integrity with the solidified materials. No
overexcavation would be required for this concept.

Anisotropic strengths were used for the foundation material in the analyses. The conceptual design of
cofferdam consists of cells 70 feet in diameter and 88 feet high, for a Sea level of —230 feet MSL. The
width/height ratio was kept the same for lower Sea levels. This concept is shown in Figure 5.
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An advantage of the DSM cellular cofferdam system is that no overexcavation of soft soils would be
required and the DSM soils would be seismic resistant. However, the DSM would be costly.

4.3 ZONED ROCKFILL DAM

This is a new dam concept that consists of an embankment built with rockfills in its outer shells and a soil
core. This embankment would be constructed “in the wet”, which would not allow for compaction of the
embankment materials. Rock is preferred in this situation, as uncompacted rockfills should not have
substantial strength losses during an earthquake, whereas uncompacted soil fills would. The soil core was
incorporated to minimize rock volumes, and provide a better hydraulic barrier. The soil core would be
constructed using hydraulically placed fills densified to mitigate their liquefaction potential. The use of
multiple lifts of rock dikes is similar to the technique used to develop shoreline retention systems for port
developments. This concept is shown in Figure 6.

As presented for the seismic dike concept, 10 to 25 feet of the weak foundation soils would be
overexcavated and replaced with embankment materials. An additional embankment volume was
calculated based on an average settlement of 6% of the unexcavated soft soils over the entire width of the
embankment.

The foundation layer was modeled with anisotropic strengths. The conceptual design includes inclinations
of 5:1 on the upstream slope and 7:1 on the downstream slope. The crest of the dam would be 65 feet
wide (to allow for construction of the multiple lift rock dikes) and would provide for 5 feet of freeboard
above the Sea level.

The use of the multiple rock dike lifts was initially proposed to minimize the amount of rock required.
However, due to the flat slopes that are required for stability on the weak foundation soils, the zoned
rockfill dam concept would actually require more rock than if the embankment was constructed out of
rock entirely. Furthermore, the use of the soil core actually decreases the overall factor of safety as the
anticipated failure surface passes through the weaker densified sand fill.

4.4 BLANKETED ROCKFILL DAM

This is a new concept that would consist of an embankment built in the wet and entirely out of rockfills.
To mitigate seepage through the dam, a blanket would need to be placed on the upstream slope.
Conventionally, this is usually an asphalt or concrete pavement. However, construction below Sea level
precludes those for this concept. The upstream blanket for this concept would consist of depositing fine-
grained soils on the upstream slope to “plug” the rockfill. This concept is shown in Figure 7.
Alternatively, a bentonite slurry wall could be constructed through the dam along its crest to provide a
seepage barrier.

As presented for the seismic dike concept, 10 to 25 feet of the weak soils below the embankment would
be excavated and replaced with embankment materials. An additional embankment volume was
calculated based on an average settlement of 6% of the unexcavated soft soils over the entire width of the
embankment.
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The foundation soils were modeled with anisotropic strengths. The conceptual design includes
inclinations of 5:1 on the upstream slope and 7:1 on the downstream slope. The crest of the dam would be
30 feet wide and provide 5 feet of freeboard above the Sea level.

The blanketed rockfill dam provides a simple cross section that would facilitate underwater construction,
and provides for embankment materials that would mitigate seismic stability concerns. However, due to
the high permeability of the rockfill, large seepage quantities could be expected through the dam. The
permitting and design review process may be difficult for a concept that relies on the fine-grained soils
deposited on the upstream slope to plug the dam. A slurry wall installed as a hydraulic barrier along the
crest of the dam may be more desirable to control seepage. Use of the slurry wall may dictate allowable
rock gradations to facilitate excavation for the slurry wall, and prevent loss of the slurry.

4.5 PRECAST CONCRETE CAISSON

This is a new concept that would utilize large precast concrete circular caissons to form a dam structure.
The concrete would provide for a noncorrosive structure. The caissons would be cast onshore and floated
into position. The caisson would be sunk by excavating the soils within and immediately below the
caisson. The remainder of the caisson would be filled with soil. The stability analyses indicate that the
caissons would need to be 70 feet in diameter and 88 feet high for a Sea level of —230 feet MSL; the
width/height ratio was kept the same for lower Sea levels. The individual caissons would be tied together
using steel sheet pile arcs, and the area between the arcs filled with lean concrete. This concept is shown
in Figure 8.

An advantage of the precast concrete caisson system is that no overexcavation of foundation soils would
be required. However, the concept is unique for application as a dam, and the rigidity of the system would
not be as accommodating (as embankments) to seismic deformations.

4.6 CONCRETE SHEET PILE COFFERDAM

This is a new concept that would utilize parallel precast concrete sheet piles to form a dam structure. The
sheet piles would be driven into the seafloor deposits, tied together with beams at the top, and the space
between filled with soils. The backfill soils would be densified to mitigate strength losses during an
earthquake. The stability analyses indicate that the sheet pile cofferdam would need to be 70 feet wide
and 88 feet high for a Sea level of —230 feet MSL; the width/height ratio was kept the same for lower Sea
levels. This concept is shown in Figure 9.

No overexcavation of the foundation soils for the concrete sheet pile cofferdam system would be required.
However, the thickness of the concrete sheet piles would need to be substantial to allow handling and
driving of the lengths required.

4.7 ELIMINATED CONCEPT

The concept of a dumped fill dike was eliminated from further consideration as a dam concept. The
dumped fill dike would be constructed by dumping materials through the water. No densification methods
would be implemented, and the resulting embankment would consist of relatively loose, sandy material.
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The dumped fill dike was eliminated because of concerns that these materials would have a very high
potential for liquefaction in a moderate to large seismic event.
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SECTION 5 BARRIER CONCEPTS

Three concepts had previously been proposed for the mid-Sea barrier. These were 1) a Dumped Fill
Barrier, 2) a Rock Dike with Dredged Fill Barrier, and 3) a Beach Barrier (USBR, 2003c¢). Revisions (or
elimination) of these concepts were made for a Sea level at —247 feet MSL and new concepts were
developed based on input from the engineering workshop.

5.1 DUMPED FILL DIKE

This concept consists of an earthen barrier constructed by dumping earth fill into the Sea. There is a
concern that these materials would lose strength during an earthquake, however, the consequences of the
strength loss could be repaired and the mixing of the waters of different salinities may be minimal.
Therefore, this concept was deemed acceptable as a barrier, even though it was eliminated from further
consideration as a dam concept.

Ten feet of the weak foundation soils would be overexcavated and replaced with embankment materials.
The conceptual design includes inclinations of 4:1 for the slopes of the embankment. The crest of the dam
would be 30 feet wide (top provide for two-way traffic) and provide for 5 feet of freeboard above the Sea
level. A series of culverts would be constructed in the barrier to allow Sea water to flow from either side
of the barrier. The invert of the culverts is anticipated to be at elevation -263 feet MSL. This concept is
shown in Figure 10.

The dumped fill dike does provide for a simplified section to construct underwater. However, the
likelihood of large seismic deformations, or even failures, is high and additional capital investment would
be required for the repairs.

5.2 ROCK DIKE WITH DREDGED FILL

This concept consists of parallel rockfill dikes with the interior constructed of hydraulically placed fills.
Ten feet of the weak foundation soils would be overexcavated. The rockfill dikes would be placed in 12-
to 15-foot-thick lifts starting with the initial backfilling of the overexcavations. The conceptual design
includes inclinations of 4:1 on the embankment slopes. The crest of the barrier would be 65 feet wide (to
facilitate construction of the multiple lift dikes) and would provide for 5 feet of freeboard above the Sea
level. Culverts would also be incorporated into the embankment to allow Sea water to flow from either
side of the barrier. This concept is shown in Figure 11.

The rock dike would provide for a more seismically resistant embankment. However, it is a complicated
section to build underwater, and there is still a high potential for the interior hydraulically placed fill to
liquefy during a moderate to large seismic event.

5.3 DSM CELLULAR COFFERDAM

This concept would use steel sheet pile cofferdams with the enclosed soils solidified by Deep Soil Mixing
(DSM), as conceived for the mid-Sea dam. Once the steel corrodes, the cofferdam would maintain its
integrity with the solidified materials. The stability analyses indicate that the cofferdam should consist of
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cells 50 feet in diameter and 68 feet high. The crest of the cofferdam would provide for 5 feet of
freeboard above the Sea level. This concept is shown in Figure 12.

An advantage of the DSM cellular cofferdam system is that no overexcavation of soft soils would be
required and the DSM soils would be seismic resistant. However, the DSM would be costly.

5.4 PRECAST CONCRETE CAISSON

This is a new concept that would utilize large precast concrete circular caissons to form a barrier
structure, as conceived for the mid-Sea dam. The stability analyses indicate that the caissons should be 50
feet in diameter and 68 feet high. The individual caissons would be tied together using steel sheet pile
arcs, and the area between the arcs filled with lean concrete. The crest of the cofferdam would provide for
5 feet of freeboard above the Sea level. This concept is shown in Figure 13.

An advantage of the precast concrete caisson system is that no overexcavation of foundation soils would
be required. However, the connections of the caissons would be complicated, and the rigidity of the
system would not be as accommodating (as embankments) to seismic deformations.

5.5 CONCRETE SHEET PILE COFFERDAM

This is a new concept that would utilize parallel precast concrete sheet piles to form a barrier structure,
also conceived for the mid-Sea dam. The stability analyses indicate that the sheet pile cofferdam should
be 50 feet wide and 68 feet high. The crest of the cofferdam would provide for 5 feet of freeboard above
the Sea level. This concept is shown in Figure 14.

No overexcavation of the foundation soils for the concrete sheet pile cofferdam system would be required.
However, substantial ground improvement would need to be undertaken to densify/strengthen the soils
within the cofferdam.

5.6 ELIMINATED CONCEPT

The concept of a beach barrier was eliminated from further consideration as a barrier concept. The beach
barrier would be constructed by using hydraulically placed fills. No ground improvement methods would
be implemented, and the resulting embankment would consist of a very flat embankment containing
relatively loose, sandy materials. The beach barrier was eliminated because of concerns that these
materials would have a very high potential for liquefaction in a moderate to large seismic event.
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SECTION 6 APPRAISAL LEVEL COST ESTIMATES

Appraisal level costs were estimated for each of the dam and barrier concepts. These estimates were made
by first estimating the quantities of materials that would be required for each of the concepts. Unit prices
for those materials were then applied to develop a construction cost estimate. A project cost was
estimated by applying various factors to the estimated construction cost.

6.1 QUANTITY ESTIMATES

To facilitate development of the appraisal level costs, material quantities were estimated for each of the
concepts. The quantities were estimated by multiplying the quantities in typical sections by the total
length of the structure. The unit quantities were based on the typical cross-sectional geometry at three
seafloor elevations; -270, -260, and -245 feet MSL. The length of embankment for the selected seafloor
elevations was determined from bathymetry information provided by the USBR. A total length of 45,600
feet (8.6 miles) was used for the dam concepts with a Sea level of —230 feet MSL; with lengths of 26,000,
7,500, and 12,100 feet for seafloor elevations of -270, -260, and -245 feet MSL, respectively. Shorter
lengths were used for the length of seafloor at —245 feet MSL for the dam concepts that had Sea levels of
—235 and —240 feet MSL. A total length of 41,700 feet (7.9 miles) was used for the barrier concept with
the Sea level at —247 feet MSL, with lengths of 26,000, 7,500, and 8,200 feet for seafloor elevations of
-270, -260, and -245 feet MSL, respectively.

The embankment quantity estimates incorporated additional volume to account for the settlement of the
soft foundation soils. A unit quantity was estimated by multiplying the average compression of the
compressible foundation soils remaining by the length of the embankment bottom. As with other unit
quantities, this additional unit volume was multiplied by the length of the structure to obtain the total
volume.

6.2 UNIT PRICES

Unit prices for each of the construction components were estimated by evaluating the material, equipment
and labor costs, or precedence with recent bids on similar projects. The unit price for each component
considered the costs for material development and processing, transport, and placement. These unit prices
were applied to the estimated quantities to obtain an estimated construction cost for each of the concepts.

An evaluation was also performed as to whether transporting stockpiles of rock at Eagle Mountain and
Mesquite mines would be more economical than developing a new quarry for rockfill. A comparison of
unit costs for these sources of rockfill is presented in Table 4. This evaluation indicated that developing a
new quarry within 10 miles of the mid-Sea location would be more cost-effective than transporting rock
from the mine stockpiles, which are located approximately 35 miles from the mid-Sea location. A unit
price of $7.53 per cubic yard was developed for the rockfill. This compares favorably with the $3 to $4
per cubic yard cost for rockfill that was developed (1997 was the middle year of construction) within a
couple of miles of the dams constructed for the Diamond Valley Reservoir project.

Unit prices and their basis developed for the dam concepts are presented in Table 5 and in Table 6 for the
barrier concepts.
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6.3 ESTIMATED PROJECT COSTS

Percentages of the construction costs were added to estimate total project costs.
Mobilization/demobilization costs were estimated as 5% of the construction costs and unlisted items were
estimated as 10%. The cost for unlisted items is to account for ancillary features of the dams and barriers
(e.g. spillways, flow controllers, etc.) that are not detailed or quantified at the conceptual design level.
These costs were added to the construction cost to obtain a contract cost.

A contingency of 25% of the contract cost was added to obtain a field cost. The contingency would
account for items that may cost more once the design is further developed, or construction is complete
(e.g. changed conditions costs). Noncontract costs amounting to 30% of the field cost was added to obtain
a total project cost. The noncontract costs would include permitting, engineering, construction
management, owner’s administration, legal and other costs.

Revisions had been made to these other costs based on input at the latest workshop. The cost for unlisted
items was reduced from 15% and the noncontract costs were reduced from 33%. Additionally, the costs
for mobilization and unlisted items were modified so that their costs were additive rather than
compounded to arrive at the appraisal level project cost.

A net present value (NPV) for the concepts were developed by assuming annual maintenance costs equal
to 1% of the project costs, over a 30-year period.

A summary of the features, quantities, and costs of the mid-Sea dam concepts with the Sea level at -230,
-235, and -240 feet MSL is included in Tables 7, 8, and 9. A plot of NPVs versus Sea elevation is
presented in Figure 15. A summary of the features, quantities, and costs of the mid-Sea barrier concepts
with the Sea level at —247 feet MSL is included in Table 10. Detailed cost estimates are presented in
Appendix C and Appendix D for the dam and barrier concepts, respectively.
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SECTION 7 CONCLUSIONS

A number of significant conclusions can be drawn form the additional studies that have been undertaken.
These are further discussed in this section.

7.1 TECHNICAL FEASIBILITY

The concepts developed for the mid-Sea dam and barrier, supported by the preliminary geotechnical
investigation and further engineering analyses, have demonstrated that a dam or barrier constructed at a
mid-Sea location is feasible from technical and construction perspectives. A number of challenges will
need to be addressed for design and construction of the concepts, yet it was the consensus of the
engineering workshop that the developed concepts were technically feasible. The weak foundation soils
are similar to those that other embankments have been constructed, and means and methods are available
to mitigate the seismic vulnerability of the concepts.

7.2 DESIGN AND CONSTRUCTION ISSUES

The mid-Sea dam and barrier concepts do pose significant design and construction challenges; including
the scale of the project, construction below Sea levels, weak foundation soils, permitting of the project,
and the presence of a significant seismic source adjacent to the Sea.

It appears that the concepts that address these challenges most effectively are those utilizing a rockfill
embankment. Such concepts use a readily available construction material (rock) and a relatively simple
construction processes (dumped fill) to construct an embankment where precedent has shown acceptable
engineering performance during an earthquake. The primary disadvantage is the potential for excessive
seepage through the rockfill embankment. However, the hydraulic and environmental requirements of the
Salton Sea could allow for greater seepage quantities than typically used for the design of conventional
dams. Future design efforts will need to assess the ability of dredged material to create a “plug” within the
dam (blanketed rockfill concept) relative to potential need for processing the rock to facilitate developing
a plug or constructing a slurry wall.

Other significant design and construction issues are listed in Section 3 of this report.

7.3 MATERIAL SOURCES

An assessment of material sources was conducted for the rockfill embankments, as the embankment
materials are the largest cost component of the concept. Three potential material sources were evaluated;
Eagle Mountain Mine near Desert Center, Mesquite Mine near Gilroy, and the Torres Martinez property
west of Salton City. The assessment indicates that developing a new quarry within 10 miles of the Sea is
more cost effective than transporting materials from the Eagle Mountain or Mesquite mines. The cost of
transporting the materials from the more distant sources is more than three times as costly as developing a
new quarry close to the Sea.

One objective of the preliminary geotechnical investigation was to evaluate the potential for borrowing
materials from within the Sea to construct embankments. These materials could be economically dredged
and transported using marine dredging methods. The majority of the materials encountered in the
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preliminary geotechnical investigation consisted of fine-grained soils (silts and clays). Some sandy
alluvial deposits were encountered near the seafloor in some of the explorations near the existing
shoreline. It appears that the most promising areas for a sand borrow source would be along the west side
of the Sea, or near the mouth of Salt Creek. However, most of the concepts currently being considered
utilize rock rather than granular fills.

7.4 ESTIMATED PROJECT COSTS

The NPV of the appraisal level project costs for the mid-Sea dam with the Sea level at —235 feet MSL
range from about $500 million (for the Blanketed Rockfill Dam concept) to about $1.8 billion (for the
Seismic Dike concept). The cost differential for each 5 foot drop in the Sea level is about $100 to $200
million.

There is a significant concern on the effectiveness of the blanketed rockfill dam to mitigate seepage
through the dam. Table 11 provides cost estimates for the rockfill dam concept with a slurry wall along
the crest to mitigate seepage. This indicates that the NPV of the appraisal level project cost for this
modified concept would be approximately $575 million.

The NPV of the appraisal level project costs for the mid-Sea barrier range from $131 million (for the
Dumped Fill Dike concept) to $1.1 billion (for the DSM Cellular Cofferdam concept).

7.5 FURTHER STUDIES

This study has been conceptual in nature and additional studies will need to be performed as the
restoration concepts are further developed. This section provides a discussion of studies that have
currently been identified that should be performed as the development of the preferred restoration
alternative proceeds.

7.5.1 Fault Locations

The San Andreas Fault is mapped 1.8 miles east of the east end of the mid-Sea location. This fault is
projected to enter the Sea just east of Bombay Beach. The Imperial and Brawley faults are mapped at the
southern end of the Sea. The locations of these onshore faults could all be projected into the Sea.
Historical seismicity data also implies that faults do underlie the Sea, although their surface projection is
unknown. These data do not preclude the possibility that an active fault could cross proposed
embankment locations. This potential fault rupture hazard should be further evaluated to assess the
possible presence and activity of the faults.

7.5.2 Additional Geotechnical Investigations

As the restoration concepts are further developed, additional geotechnical explorations will be warranted.
It should be recognized that the explorations completed for the preliminary geotechnical investigation are
miles apart. Variations in subbottom conditions could occur between the existing exploration locations.
As specific locations are identified for the restoration alternatives, the subbottom conditions will need to
be further characterized in those areas. The subsurface conditions encountered in these investigations
could significantly influence the type of the restoration alternative and its location. The preliminary
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geotechnical investigation used drilled and sampled borings combined with CPTs. This provided an
excellent combination of material characterization of the boring samples with the nearly continuous
lithology obtained from the CPTs. In addition, consideration should be given to in-situ testing of strengths
and compressibilities, such as vane shear testing and pressuremeter testing. Marine geophysical surveys
could also provide information on the continuity of the subbottom stratigraphy, and the possible presence
of faulting.

A substantial amount of embankment fill will need to be borrowed from upland areas. A reconnaissance
level study should be undertaken to identify potential borrow areas in the vicinity of the Sea. The need
will be to identify potential sources of primarily rockfill. Subsurface explorations should then be
performed in the areas identified to confirm the quality of the potential borrow materials. The quality of
that rock for these uses should also be evaluated.

7.5.3 Dynamic Response of Embankments

The side slope inclinations of the embankments for the conceptual mid-Sea dam and barriers were based
on static slope stability analyses. However, the proposed embankments are probably in an area with the
highest potential seismicity in California. Furthermore, very few large earthen structures have been
designed in the area. It is recommended that preliminary dynamic response analyses of the proposed
embankment configurations be performed to validate the conceptual designs of embankments developed
for the restoration alternatives.
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Table 1

Summary of Material Properties Used For Slope Stability Analyses
Salton Sea Restoration Project

Material Total Unit Weight Effective Cohesion Effective Friction Angle
(pcf) (psf) (degrees)
Sea Water 64 0 0
Compacted or Densified Fill 120 0 30
Rockfill 130 0 42
Dumped Fill 120 0 30
Foundation Soils 2 110 Anisotropic Strengths b 0

Notes:

a. Comprised primarily of lacustrine clays
b. Acu/c'ratio of 0.35 was used for vertical shear and 0.25 for horizontal shear, with interpolated values for other

inclinations.

Table 2
Results of Preliminary Embankment Static Stability Analyses
Salton Sea Restoration Project

Concept 2 Embankment Embankment Embankment Calculated Static
Crest Elevation b Face Slope (H:V) Factor of Safety ¢
(feet MSL)

Seismic Dike -225 Downstream 71 1.69
Seismic Dike -225 Upstream 51 1.53
£ ‘?i;- Zoned Rockfill Dam -225 Downstream 71 1.55
a § Zoned Rockfill Dam -225 Upstream 5:1 1.48
Blanketed Rockfill Dam -225 Downstream 71 1.60
Blanketed Rockfill Dam -225 Upstream 4:1 1.61
Dumped Fill Dike -242 Downstream 4:1 1.54
E’ *;3;_ Dumped Fill Dike -242 Upstream 4:1 1.54
§ § Rock Dike with Dredged Fill -242 Downstream 4:1 1.55
Rock Dike with Dredged Fill -242 Upstream 4:1 1.55

=
o
=
[0}
n

T o

Graphical outputs of stability analyses are included in Appendix A.
Dam concepts modeled with a Sea level of —230 feet MSL on the upstream side and —255 feet MSL on the

downstream side. Barrier concepts modeled with a Sea level of —247 feet MSL on both sides.
c. Standard of practice is a minimum static factor of safety of 1.5.
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Table 3
Summary of Material Properties Used For Cofferdam Stability Analyses
Salton Sea Restoration Project

Material Total Buoyant Effective Effective
Unit Weight Unit Weight Cohesion Friction Angle2
(pcf) (pcf) (psf) (degrees)
Sea Water 64 0 0 0
Seafloor/Soft Lacustrine 106 42 0 24
Deposits Anisotropic Strength b 0
Stiff Lacustrine Deposits 110 48 0 30
Densified Fill 140 76 0 NA ¢

Notes:

a. Effective friction angle of the seafloor, soft lacustrine, and stiff lacustrine deposits was used to calculate earth
pressures acting on the cofferdam system.

b. Acu/c'yratio of 0.35 was used for vertical shear and 0.25 for horizontal shear, with interpolated values for other
inclinations.

¢.  NAindicates not applicable.
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Table 4
Comparison of Unit Costs for Rockfill Sources
Salton Sea Restoration Project

Unit Cost
Item Unit
New Quarry 2 Eagle Mountain Mine ® Mesquite Mine ¢

Drill and Blast cy $1.70 na na
Screen 12"+ Rock cy $0.75 $0.75 $0.75
Load and Transport ¢ cy $3.10 $12.40 $15.50
Barge to mid-Sea cy $0.78 $0.78 $0.78
Place by Barge cy $1.20 $1.20 $1.20

Estimated Total Unit Price $7.53 $15.13 $18.23

Notes:

a. Within 10 miles of mid-Sea location.

b. Estimated to be 40 miles from mid-Sea loaction.
c. Estimated to be 50 miles from mid-Sea loaction.
d. Estimated at $0.31/cy/mile haul.
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Table 5
Summary of Unit Costs for Mid-Sea Dam Concepts
Salton Sea Restoration Project

Unit Prices
Item Unit Seismic | DSM Cellular Zonefi Blanket.ed Precast Concre-te Basis
Dike Cofferdam Rockfill Rockfill Concrete Sheetpile
Dam Dam Caisson Cofferdam

Steel Sheet Piles $/sq ft $26.00 Built up from materials + equip + labor
Concrete Sheet Piles $/sq ft $65.00 Built up from materials + equip + labor
Cofferdam Cells and Dewatering 2 $/ft $12,670 Consistent with previous USBR estimate
Concrete Caisson ® St $14,200 Built up from materials + equip + labor
Hydraulic Fill $icy $3.90 $3.90 $3.90 Allows for up to 4 mile pump
Vibroflotation $lcy $5.00 $5.00 From specialty contractor
Deep Soil Mixing $icy $55.00 Built up from materials + equip + labor
Overexcavation (in dewatered area) $icy $6.00 Consistent with previous USBR estimate
Embankment Fill (in dewatered area) $icy $6.70 Zugli:%rmed:;j:;’ pment + transport + placement
Overexcavation (in Sea) $lcy $2.90 $2.90 Built up from materials + equip + labor
Riprap $icy $8.00 $8.00 $8.00 ﬁjupili :p; gr;r:ed:;ljll)opment + transport + placement
Rock Fill (in Sea) Sicy $7.53 $7.53 Ejupilt :;1) gr?nrneds;/jll;)pment + transport + placement

Notes:

a. Unit price shown is for a Sea level of -230 feet MSL. A unit cost of $11,950 was used for a Sea level of -235 feet MSL and $11,230 for a Sea level of -240 feet MSL.
b. Unit price shown is for a Sea level of -230 feet MSL. A unit cost of $13,393 was used for a Sea level of -235 feet MSL and $12,586 for a Sea level of -240 feet MSL.
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Table 6

Summary of Unit Prices for Mid-Sea Barrier Concepts

Salton Sea Restoration Project

Unit Prices
Item Unit Dumped Ro::(it[;ike DSM Precast Concre.te Basis
Fill Dike Dredged Cellular Cor-1crete Sheetpile
Fil Cofferdam Caisson Cofferdam
Steel Sheet Piles $/sq ft $26.00 Built up from materials + equip + labor
Concrete Sheet Piles $/sq ft $65.00 Built up from materials + equip + labor
Concrete Caisson $it $10,200.00 Built up from materials + equip + labor
Culverts $/ft $925.00 | $1,560.00 Consistent with previous estimates
Dumped Fill (in Sea) $lcy $5.16 Built up from materials + equip + labor
Hydraulic Fill $lcy $3.90 $3.90 $3.90 Allows for up to 4 mile pump
Vibroflotation $lcy $5.00 $5.00 From specialty contractor
Deep Soil Mixing $lecy $55.00 Built up from materials + equip + labor
Overexcavation (in Sea) $lcy $2.90 $2.90 Built up from materials + equip + labor
Riprap Sicy $8.00 $8.00 Zl:,”i :p; (;r;rned:;/sll)opment + transport + placement
Rock Fill (in Sea) $lcy $7.53 Built up from development + transport + placement

(up to 10 mile haul)
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Table 7

Summary of Conceptual Designs and Appraisal Level Costs for Mid-Sea Dam Concepts with Sea at -230 feet MSL
Salton Sea Restoration Project

ltem Seismic DSM Cellular Zoned Blanketed Precast Concrete | Concrete Sheetpile
Dike Cofferdam Rockfill Dam Rockfill Dam Caisson Cofferdam
Length (feet) 45,600 45,600 45,600 45,600 45,600 45,600
Length (miles) 8.6 8.6 8.6 8.6 8.6 8.6
Crest Width (feet) 30 70 65 30 70 70
Upstream Slope (h:v) 5:1 na 51 4:1 na na
Downstream Slope (h:v) 71 na 71 71 na na
Concrete Caisson (lin ft) na na na na 45,600 na
Sheet Piles (sq ft) na 14,064,000 na na na 7,032,000
Cofferdam Backfill (cy) na 4,020,000 na na included above 4,020,000
Deep Soail Mixing (cy) na 8,291,000 na na na na
Vibroflotation (cy) na na 1,932,000 na na 8,291,000
Overexcavation (cy) 19,483,000 na 19,863,000 18,074,000 na na
Sail Fill (cy) 31,757,000 na 1,932,000 na na na
Rip Rap (cy) 507,000 na 507,000 464,000 na na
Rock Fill (cy) na na 31,778,000 29,328,000 na na
Total Project Costs $1,703,000,000 $1,565,000,000 $595,000,000 $518,000,000 $1,210,000,000 $961,000,000
Cost ($/lineal foot) $37,000 $34,000 $13,000 $11,000 $27,000 $21,000
Net Present Value @ $1,946,000,000 $1,788,000,000 $680,000,000 $592,000,000 $1,382,000,000 $1,098,000,000
NPV$/lineal foot $43,000 $39,000 $15,000 $13,000 $30,000 $24,000

Notes:

a. Assumes annual maintenance costs at 1% of construction costs for 30 years.
b. na indicates not applicable.
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Table 8

Summary of Conceptual Designs and Appraisal Level Costs for Mid-Sea Dam Concepts with Sea at -235 feet MSL
Salton Sea Restoration Project

ltem Seismic DSM Cellular Zoned Blanketed Precast Concrete Concrete Sheetpile
Dike Cofferdam Rockfill Dam Rockfill Dam Caisson Cofferdam
Length (feet) 44,700 44,700 44,700 44,700 44,700 44,700
Length (miles) 8.5 8.5 8.5 8.5 8.5 8.5
Crest Width (feet) 30 70 65 30 70 70
Upstream Slope (h:v) 51 na 51 4:1 na na
Downstream Slope (h:v) 71 na 71 71 na na
Concrete Caisson (lin ft) na na na na 44,700 na
Sheet Piles (sq ft) na 13,866,000 na na na 6,933,000
Cofferdam Backfill (cy) na 3,476,000 na na included above 3,476,000
Deep Soil Mixing (cy) na 8,209,000 na na na na
Vibroflotation (cy) na na 2,167,000 na na 8,209,000
Overexcavation (cy) 18,076,000 na 18,130,000 16,783,000 na na
Soil Fill (cy) 26,439,000 na 2,167,000 na na na
Rip Rap (cy) 497,000 na 497,000 455,000 na na
Rock Fill (cy) na na 25,584,000 24,430,000 na na
Total Project Costs $1,539,000,000 $1,428,000,000 $502,000,000 $442,000,000 $1,119,000,000 $896,000,000
Cost ($/lineal foot) $34,000 $32,000 $11,000 $10,000 $25,000 $20,000
Net Present Value 2 $1,758,000,000 $1,631,000,000 $573,000,000 $505,000,000 $1,278,000,000 $1,024,000,000
NPV$/lineal foot $39,000 $36,000 $13,000 $11,000 $29,000 $23,000

Notes:

a. Assumes annual maintenance costs at 1% of construction costs for 30 years.
b. na indicates not applicable.
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Table 9

Summary of Conceptual Designs and Appraisal Level Costs for Mid-Sea Dam Concepts with Sea at -240 feet MSL
Salton Sea Restoration Project

ltem Seismic DSM Cellular Zoned Blanketed Precast Concrete gl?::tﬁtlz
Dike Cofferdam Rockfill Dam Rockfill Dam Caisson Cofferdam

Length (feet) 43,400 43,400 43,400 43,400 43,400 43,400
Length (miles) 8.2 8.2 8.2 8.2 8.2 8.2
Crest Width (feet) 30 70 65 30 70 70
Upstream Slope (h:v) 51 na 51 4:1 na na
Downstream Slope (h:v) 71 na 71 71 na na
Concrete Caisson (lin ft) na na na na 43,400 na
Sheet Piles (sq ft) na 13,580,000 na na na 6,790,000
Cofferdam Backfill (cy) na 2,941,000 na na included above 2,941,000
Deep Soil Mixing (cy) na 8,089,000 na na na na
Vibroflotation (cy) na na 2,095,000 na na 8,089,000
Overexcavation (cy) 16,671,000 na 16,409,000 15,494,000 na na
Sail Fill (cy) 21,681,000 na 2,095,000 na na na
Rip Rap (cy) 482,000 na 482,000 442,000 na na
Rock Fill (cy) na na 20,275,000 20,046,000 na na
Total Project Costs $1,376,000,000 $1,289,000,000 $416,000,000 $373,000,000 $1,021,000,000 $826,000,000
Cost ($/lineal foot) $32,000 $30,000 $10,000 $9,000 $24,440 $19,000
Net Present Value @ $1,572,000,000 $1,473,000,000 $475,000,000 $426,000,000 $1,166,000,000 $944,000,000
NPV$/lineal foot $36,000 $34,000 $11,000 $10,000 $27,000 $22,000

URS

Notes:

a. Assumes annual maintenance costs at 1% of construction costs for 30 years.
b. na indicates not applicable.
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Summary of Conceptual Designs and Appraisal Level Costs for Mid-Sea Dam Concepts with Sea at -247 feet MSL

Table 10

Salton Sea Restoration Project

ltem Dumped Fill Dike Rock Dike vo{ith DSM Cellular Precast. Concrete | Concrete Sheetpile
Dredged Fill Cofferdam Caisson Cofferdam
Length (feet) 41,700 41,700 41,700 41,700 41,700
Length (miles) 7.9 7.9 7.9 7.9 7.9
Crest Width (feet) 30 65 50 50 50
Embankment Slope (h:v) 4:1 4:1 na na na
Concrete Caisson (If) na na na 41,700 na
Sheet Piles (sq ft) na na 10,246,000 na 5,123,000
Cofferdam Backfill (cy) na na 1,639,000 1,639,000 1,639,000
Deep Soil Mixing (cy) na na 4,660,000 na na
Vibroflotation (cy) na 696,000 na na 4,660,000
Overexcavation (cy) 4,753,000 5,090,000 na na na
Soil Fill (cy) 8,394,000 696,000 na na na
Rip Rap (cy) 309,000 309,000 na na na
Rock Fill (cy) na 9,087,000 na na na
Construction Costs $115,000,000 $178,000,000 $989,000,000 $795,000,000 $678,000,000
Cost ($/lineal foot) $3,000 $4,000 $24,000 $19,000 $16,000
Net Present Value 2 $131,000,000 $203,000,000 $1,130,000,000 $908,000,000 $775,000,000
NPV$/lineal foot $3,000 $5,000 $27,000 $22,000 $19,000

Notes:

a. Assumes annual maintenance costs at 1% of construction costs for 30 years.

b. na indicates not applicable.
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Table 11

Summary of Conceptual Designs and Appraisal Level Costs for Rockfill Dam with Slurry Wall
Salton Sea Restoration Project

ltem Rockfill Dam
with Slurry Wall

Sea Level (feet MSL) -230 -235 -240
Length (feet) 45,600 41,600 37,600
Length (miles) 8.6 7.9 7.1
Crest Width (feet) 30 30 30
Upstream Slope (h:v) 4:1 4:1 4:1
Downstream Slope (h:v) 71 7:1 71
Overexcavation (cy) 18,074,000 16,614,000 15,236,000
Sail Fill (cy) na na na
Rip Rap (cy) 464,000 424,000 383,000
Rock Fill (cy) 29,328,000 24,074,000 19,633,000
Slurry Wall (sf) 3,409,500 3,021,500 2,673,500
Total Project Costs $594,000,000 $503,000,000 $425,000,000
Cost ($/lineal foot) $13,000 $12,000 $11,000
Net Present Value 2 $679,000,000 $575,000,000 $486,000,000
NPV$/lineal foot $15,000 $14,000 $13,000

Notes:

a. Assumes annual maintenance costs at 1% of construction costs for 30 years.
b. na indicates not applicable.

W:\27662033\00002-a-r.doc\5-May-04\SDG T— 1 0



W:\27662033\00002-a-r.doc\5-May-04\SDG



G:\gis\projects\1577\27662033\apr\dam_barrier_location.apr

 DAM/BARRIER =
“LOCATION

Dam/Barrier

5-FT Bathymetry
100-Ft Contours

'_/ "\.-/ Rivers

SOURCE: Uni i f Redlands.
COORDINA?ggsgl'gM:eGe?)gr:phic North PLAN OF EXPLORATIONS
American Datum, 1983, Decimal Degrees. SALTON SEA RESTORATION PROJECT
3 0 e 6 Mies | CHECKED BY:JW | DATE: 5-05-04 | FIG. NO:

SCALE: 1:360,000 PM: LDH ‘ PROJ. NO: 27662033.00002 1




x:\27662033\SALTON_XLS.DWG

Elevation (ft)

-225

-230

-235

-240

-245

-250

-255

-260

Note: Assumes QSA Inflows with Mitigation Water Terminated in 2018.

—&— Sea Level Upstream at -230 ft MSL
—=— Sea Level Upstream at -235 ft MSL
—8— Sea Level Upstream at -240 ft MSL

. A O S et 33w Y P

-265
2000

2010

2020

2030

2040
Year

2050 2060 2070 2080

PROJECTED DOWNSTREAM BRINE POOL ELEVATION
WITH RESTORATION PROJECT - DAM CONCEPT

SALTON SEA RESTORATION PROJECT

m CHECKED BY: Jw ‘ DATE: 5-5-04
PM: LDH ‘ PROJ. NO: 27662033.00002

FIG. NO:
2




Elevation (ft)

x:\27662033\SALTON_XLS.DWG

-225

=230

-235

-240

-245

-250

-255

-260

2000

—+— QSA Inflows w/Mitigation Water Terminated in 2018

—=— QSA Inflows wiMitigation Water Terminated in 2006

—a— [nflow Reduced to 800 KAFY

2030 2040 2050 2060 2070

Year

PROJECTED SEA WATER SURFACE ELEVATION
WITHOUT RESTORATION PROJECT - BARRIER CONCEPT
SALTON SEA RESTORATION PROJECT

m CHECKED BY: JW ‘ DATE: 5-5-04
PM: LDH ‘ PROJ. NO: 27662033.00002

FIG. NO:
3




-200 -
% SEA LEVEL EL. —230’ o
£ —250 :
3 SEAFLOOR EL. —270
E_/ NN R ON
&
2 —300r
=
Ll
—
L
-350L

COFFERDAM CELL
BACKFILLED WITH
SAND AND GRAVEL

COMPACTED
SAND AND GRAVEL

30" =—— CLAY COMPACTED .
SAND AND GRAVEL COFFERDAM
RIP RAP CELL

s
——— |

RIP RAP LIMITS OF OVER EXCAVATION

—200

|
N
a
o

&
o
o
ELEVATION (Feet, MSL)

-350

MID-SEA DAM CONCEPTUAL DESIGN
SEISMIC DIKE
SALTON SEA RESTORATION PROJECT

FIG. NO:

‘ms 50 0 50 100 Feet | CHECKED BY: JW \ DATE: 4—26—04
SCALE: 17= 100’ PM: LDH | PROJ. NO: 27662033.00002

x:\27662033\SALTON_FILL_BARRIER.DWG




-200 - -200
SOLIDIFIED
-SEA LEVEL EL. —230° , ——CREST EL. —225 FILL -
~ ~ SOLIDIFIED
g -250 - EL. —255 \VA 1-250 € FILL
- 88’ DSM = -
@ SEAFLOOR EL. —270’ CELLULAR o
\Lzb - QG R COFFERDAM || |[ 2z R Lzb
S S
< <
@ -300 | - -300 g
: oA =
B SOLIDIFIED / 70’ I
SOFT /
SEDIMENTS
-350 L J-350
SECTION PLAN VIEW

MID-SEA DAM CONCEPTUAL DESIGN
DEEP SOIL MIXED (DSM) CELLULAR COFFERDAM

SALTON SEA RESTORATION PROJECT

‘ms 25 0 25 50 Feel | CHECKED BY: JW | DATE: 4-26-04 | FIG. NO:
SCALE: 1°= 50’ PM: LDH | PROJ. NO: 27662033.00002 5

x:\27662033\SALTON_SCHEMATICS.DWG



RIP RAP <& ROCKFILL

—200 , . DIKES 200
—~ RIP RAP —~
2 SEA LEVEL EL. 230" y , / 2
E -
, w , ,
= —250F 7 W SEAFLOOR T EL 255 g 2 4250
o EL. —270’ 7 - | 3
L T T T = gy T e R T T T T T T T T T T T T T— T T T T T T T L
_— =z
S -300(- i — * H-300 &
< ORIGINAL SEAFLOOR e
< . HYDRAULIC o s
o LIMITS OF OVER EXCAVATION [
~350L 350

MID-SEA DAM CONCEPTUAL DESIGN
ZONED ROCKEFILL
SALTON SEA RESTORATION PROJECT

50 0 50 100 Feet | CHECKED BY: JW \ DATE: 4-26-04 | FIG. NO:
URS ‘ SCALE: 17= 100’ PM: LDH | PROJ. NO: 27662033.00002 6

x:\27662033\SALTON_FILL_BARRIER.DWG




RIP RAP

—200
§ SEA LEVEL EL. —230’ =
R 25
= =250
3 SEAFLOOR EL. —270' 1
E'/ %S S >~ T =  —
z IS — — — = i
S —300f 10’
%: , ORIGINAL SEAFLOOR
L —— 20 |
(i)
-350L

ROCKFILL

LIMITS OF OVER EXCAVATION

- =200
RIP RAP -
(2]
; =
EL. —255’ % 4 -250 <
I l
22 ~—
&
* - -300 2
<
| 20— et
—
L
4 -350

MID-SEA DAM CONCEPTUAL DESIGN
BLANKETED ROCKFILL
SALTON SEA RESTORATION PROJECT

0

50

1 O]O Feet

CHECKED BY: JW ‘ DATE: 4-26-04

URS °
L

SCALE:

1”= 100

PM: LDH ‘ PROJ. NO: 27662033.00002

FIG. NO:

x:\27662033\SALTON_FILL_BARRIER.DWG




~200
2
2 -250
B
(0]
L
P4
S
=
<
& -300
L
~350

SUCTION DREDGE PIPE
DISCHARGING INTO CELL

~ SEA LEVEL EL. -230" v

SEAFLOOR EL. —270’

B /\<{<\</<\</ LKL
TOP WITH
B SAND

BACKFILL

I~ DREDGED
SEDIMENT
DISPOSAL

ROTATING
WATER JET

SECTION

—1-200
-
EL —255' vy 1-250 £
=z
o
=
<C
- —-300 g
J
J-350
HYDRAULIC EXCAVATION WITH

SUCTION DREDGE ASSISTED
BY HIGH PRESSURE JETS.
BACKFILLED WITH TREMMIE
CONCRETE.

LEAN
CONCRETE
BACKFILL
SAND
BACKFILL
SHEET PILE

PLAN VIEW

MID-SEA DAM CONCEPTUAL DESIGN
PRECAST CONCRETE CAISSON
SALTON SEA RESTORATION PROJECT

L
SCALE: 17= 50’

50 Feet
]

CHECKED BY: Jw ‘ DATE: 4-26-04

PM: LDH ‘ PROJ. NO: 27662033.00002

FIG. NO:

x:\27662033\SALTON_SCHEMATICS.DWG




CONCRETE

0 CROSS ~200 SHEET PILES
/ BEAM
CREST EL. —225’
— SEA LEVEL EL.
2 2
g -250 | EL. —255' —230 = :
> DENSIFIED ¥ - 2’ CROSS BEAM
3 SEAFLOOR EL. SAND 3 ( e
L VTR L
- - A KL Rz ~ f
5 z :
= =
< < ,~
@ -300 | -300 @
i \ L
CONCRETE
B 20’ SHEET PILES
~350 | | —350 ‘
70’
SECTION PLAN VIEW

MID-SEA DAM CONCEPTUAL DESIGN
CONCRETE SHEET PILE COFFERDAM
SALTON SEA RESTORATION PROJECT

'URS 25 0 25 50 Feet | CHECKED BY: W \ DATE: 4-26—04 | FIG. NO:
SCALE: 1"= 50’ PM: LDH ‘ PROJ. NO: 27662033.00002 9

x:\27662033\SALTON_SCHEMATICS.DWG




ELEVATION (Feet, MSL)

—200

—250

—-300

-350

SEA LEVEL EL. —247' ]

——200

DUMPED FILL
RIP RAP ,
CREST EL. —242’ //_ _ 10

SEAFLOOR EL.

—270’ |

B

S

a3 ‘ /M ' = -{-250

J———

ROV2NS ROV
% [ | 1300
20| ~-— 10 ‘J 20| ~-—o
ORIGINAL SEAFLOOR

ELEVATION (Feet, MSL)

LIMITS OF OVER EXCAVATION —-350

MID-SEA BARRIER CONCEPTUAL DESIGN
DUMPED FILL DIKE
SALTON SEA RESTORATION PROJECT

URS 50 0 50 100 Feet| CHECKED BY: JW \ DATE: 4-26-04
SCALE: 1°= 100’ PM: LDH | PROJ. NO: 27662033.00002

FIG. NO:
10

x:\27662033\SALTON_FILL_BARRIER.DWG




ELEVATION (Feet, MSL)

—200

—250

-300

-350

SEA LEVEL EL. —247’2
SEAFLOOR EL. —270’

B2

TN

65’

—_ ROCKFILL - —200
10 ﬁ" - 10 DIKES g
10— CREST_EL. —242" | | S RIPRAP o =
> < . ¥ 4 -250
= =7 g
— T = ey A 7} - - — — - S S ~
! |} | 5
, , 4 -300 2
20| 10 HYDRAULIC —| 20— <
—= FILL o
L

ORIGINAL SEAFLOOR 4 -350

LIMITS OF OVER EXCAVATION

MID-SEA BARRIER CONCEPTUAL DESIGN
ROCK DIKE WITH DREDGED FILL
SALTON SEA RESTORATION PROJECT

l’RS 50 0 50 100 Feet| CHECKED BY: JW \ DATE: 4-26-04
SCALE: 1°= 100’ PM: LDH | PROJ. NO: 27662033.00002

FIG. NO:
11

x:\27662033\SALTON_FILL_BARRIER.DWG




-200

SEA LEVEL EL. —247'

SEAFLOOR EL. —270’

N
7
2 _250
+
[
L
= | TR
e
S
<
o -300 L
L
-350 L

— —200
SOLIDIFIED -
CREST EL. —242' FILL
\V4 -
= q-250 £ i :
- ~ SOLIDIFIED
CELIID_lSJI\IfIAR k: FILL
COFFERDA ANSS KL =
68’ §
<<
| -300 ©
\SOLIDIFIED v
.« 50" — = SOFT
SEDIMENTS _
1 -350
SECTION PLAN VIEW
MID-SEA BARRIER CONCEPTUAL DESIGN
DEEP SOIL MIXED (DSM) CELLULAR COFFERDAM
SALTON SEA RESTORATION PROJECT
‘ms 25 0 25 50 Feet | CHECKED BY: Jw \ DATE: 4-26-04 | FIG. NO:
[ SCALE: 1= 50 PM: LDH | PROJ. NO: 27662033.00002 | 12

x:\27662033\SALTON_SCHEMATICS.DWG




SUCTION DREDGE PIPE
=200 -~ DISCHARGING INTO CELL

SEA LEVEL EL. —247

Vil

-250 |-

SEAFLOOR EL. —270’

ELEVATION (Feet, MSL)

-350

ROTATING

TOP WITH
300 SAND
BACKFILL

L DREDGED
SEDIMENT
DISPOSAL

A
/\\{\\ N

WATER JET

%7

7 ~200 LEAN
CONCRETE
BACKFILL
Y— 1 250 § '
K . BACKFILL -
) ]
KL R w
5
'_
<<
| =300 E
SHEET PILE
—-350

HYDRAULIC EXCAVATION WITH
SUCTION DREDGE ASSISTED
BY HIGH PRESSURE JETS.
BACKFILLED WITH TREMMIE
CONCRETE.

PLAN VIEW

MID-SEA BARRIER CONCEPTUAL DESIGN
PRECAST CONCRETE CAISSON
SALTON SEA RESTORATION PROJECT

.lms 25 0 25 50 Feet | CHECKED BY: | DATE: 4-26-04 | FiG. No:
SCALE: 1"= 50’ PM: LDH | PROJ. NO: 27662033.00002 | 13

x:\27662033\SALTON_SCHEMATICS.DWG




—200 -200
CONCRETE
CROSS SHEET PILES
/ BEAM
CREST
EL. —242'
~ SEA LEVEL EL. —247’ \V4 =5
2 _250 - -250 ¢ /7
h “ DENSIFIED -
@ SEAFLOOR EL. —270’ Y SAND ¥ 3
£ RO R =
= =z
S ) 2 CROSS
= = r BEAM
& -300 \ CONCRETE -300 &
o | SHEET PILES b f
0
50’
50
—350 —-350
SECTION PLAN VIEW

MID-SEA BARRIER CONCEPTUAL DESIGN
CONCRETE SHEET PILE COFFERDAM
SALTON SEA RESTORATION PROJECT

25 0 25 50 Fest | CHECKED BY: JW | DATE: 4-26-04 | FIG. NO:
UI‘S SCALE:  17= 50’ PM: LDH | PROJ. NO: 27662033.00002 | 14

x:\27662033\SALTON_SCHEMATICS.DWG




x:\27662033\SALTON_XLS 02.DWG

Net Present Value (Million $)

2,100

1,800

1,500

1,200 |

900

600 |

300

—8— Seismic Dike

=@ ==[DSM Cellular Cofferdam

—&— Precast Concrete Caisson

=={]==Concrete Sheetpile Cofferdam

-—A == Blanketed Rockfill Dam with Slurry Wall
=8 2Zoned Rockfill Dam

ey Blanketed Rockfill Dam —

-225

-230

-235

-240 -245
Sea Level (ft MSL)

-250 -255

NET PRESENT VALUE VS. SEA LEVEL

FOR DAM CONCEPTS

SALTON SEA RESTORATION PROJECT

CHECKED BY: JW ‘ DATE: 5-5-04 FIG. NO:

PM: LDH | PROJ. NO: 27662033.00002 15




APPENDIXA Static Slope Stability Analyses

‘JRS W:\27662033\00002-a-r.doc\5-May-04\SDG



Elevation ft MSL

-500

-0.30

(x 1000)

-0.25 -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05

300

250 —

200 —

150 —

100 —

50 —

-100 —
-150 —

-200p—

Salton Sea Restoration Project

Project Number: 27662033

Filename: Seismic Dike_ex_25 7:1 high water(1).slz
Date: March, 2004

Embankment Fill
Y total = 120 pcf
(P= 30 degrees

4

-250 —

-300 —

-350 —

-400 —

-450 |—

Seafloor or Lacustrine Deposits
Y total = 110 pcf
Anisotropic Strengths

-0.30

300

250

200

150

100

50

0

-50

-100

-150

-200

-250

-300

-350

-400

-450

-500

-0.25 -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05

Horizontal Distance, ft (x 1000)



Elevation ft MSL

(x 1000)

-0.30 -0.25 -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05

—T—71 717 17 1 1 1 1 T 1 [ 1 1 1 1 1 ° 1 ° 111 1 1T 171 1%
250 — 250
Salton Sea Restoration Project
200 — Project Number: 27662033 200
Filename: Seismic Dike_ex_25 7:1 high water(2). sIz
150 ™ Date: March, 2004 150
o \'\\
100 (— / .\\ \:\ 100
50 (— * \:\\\ 50
0 |l /lae9 ! 0
\ 4 .
50 (— e @ .,r’ -50
-100 — \/’ -100
R e Embankment Fill
150 |— 7 Y total = 120 pcf -150
: = 30 degrees
-200p— SR ¢ g — -200
. ! <
-250 — EE/ o — — -250
-300 — i 1] — -300
-350 — - — -350
Seafloor or Lacustrine Deposits
-400 |— Y total = 110 pcf —| -400
Anisotropic Strengths
450 — —1 -450
500 | | | | | | | | | | | | | | | | | | | | | | | | | | 500

-0.30 -0.25 -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05

Horizontal Distance, ft (x 1000)



Elevation ft MSL

(x 1000)

-0.30 -0.25 -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65

0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05

300 I I B ] I
250 — 250
Salton Sea Restoration Project .
200 — Project Number: 27662033 il 200
Filename: Zoned Rockfill Dam_ex 25 7_1 high water(1).slz e“P; ,
130 Dpate: March, 2004 o ] 150
100 |— “"“““ ? .o ; 100
I “‘ ° / ®° e
L ? : [ ° ,/ / ® o o
50 e S R U A 50
H‘““HHH‘ (o‘ “ I AL o o *
0~ ”‘WNW%‘Lv B R 0
i ‘ ‘\‘H ‘. J‘ :\ ° o /: : : °©c e
50 — M }H T{ : . : : : o : : -50
100 — Densified Fill teke e L0l te -100
_ Ytotal = 120 pcf ‘
150 |— Rock Fill ®= 30 degrees 150
Y total = 130 pcf
-200p— (P= 42 degrees 7 200
o~ e 11 <
-250 — 172 Nz —— — -250
-300 | SURERREERRREER EEn — -300
-350 [— L — -350
Seafloor or Lacustrine Deposits
-400 |— Y total = 110 pcf —| -400
Anisotropic Strengths
450 — —1 -450
-500 | | -500
-0.30 -0.25 -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05

Horizontal Distance, ft (x 1000)



Elevation ft MSL

(x 1000)
-0.30 -0.25 -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 055 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05

—T—71 717 17 1 1 1 1 T 1 [ 1 1 1 1 1 ° 1 ° 111 1 1T 171 1%
250 — — 250
Salton Sea Restoration Project
200 — Project Number: 27662033 — 200
Filename: Zoned Rockfill Dam_ex 25 7_1 high water(2).slz
150 ™ Date: March, 2004 ] 150
100 (— — 100
50 — — 50
0 . — 0
50— ) Densified Fill —| 90
B Ytotal = 120 pcf L
100 ¢= 30 degrees 100
-150 = Rock Fill —| 150
2000 Y total = 130 pcf 200
-200p— 7 = .
- _ - 1 @= 42 degrees p
-250 — SHRRNEE e 7 — -250
-300 [— —_'“—_:”#77 — 300
-350 — _ . — -350
Seafloor or Lacustrine Deposits
-400 |— Y total = 110 pcf —| -400
Anisotropic Strengths
-450 — — -450
500 I | I | I | I | I | I | I | I | I 500

-0.30 -0.25 -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05
Horizontal Distance, ft (x 1000)



Elevation ft MSL

(x 1000)

-0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00

Horizontal Distance, ft (x 1000)

—T—T 717 1 1 1 1 T° 1 [ 1 1 T° T° 11 1T 1T 1T 1T 1 1T 71T |*

250 — — 250
Salton Sea Restoration Project .

200 —  project Number: 27662033 JI0e e e . —] 200

150 Filename: Blanketed Rockfill_ex_25 7_1 high water(1).slz iy "'[ [* f | . 150
Date: March, 2004 | ‘/ N }

100 (— /" | — 100
50 — —1{ 50
0 — — 0
50 — — -50
-100 — Rock Fill Embankment — -100

Y total = 130 pcf
150 1= (= 42 degrees — 150
-200p— SR — -200
- Rl «
-250 — 4 B m _ — -250
17— N T T — — I —— \/
-300 [— T — -300
-350 — _ _ — -350
Seafloor or Lacustrine Deposits
-400 — Y total = 110 pcf — -400
Anisotropic Strengths
-450 — — -450
-500 N S [ S I U I N I U U N SO N NN N -500
-0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00



Elevation ft MSL

(x 1000)
-0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 055 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00

—T—T 717 1 1 1 1 T° 1 [ 1 1 T° T° 11 1T 1T 1T 1T 1 1T 71T |*
250 (— — 250
Salton Sea Restoration Project
200 —  project Number: 27662033 —] 200
150 — Filename: Blanketed Rockfill_ex_25 7_1 high water(2).slz | 150
Date: March, 2004
100 (— — 100
50 (— — 50
0— - — 0
-50 — - — 50
100 E Rock Fill Embankment -
150 - : Y total = 130 pcf | 150
(P= 42 degrees
-200p— 7 — -200
— 11 <
-250 — B —— — -250
-300 — — -300
-350 — N _ _ — -350
Seafloor or Lacustrine Deposits
-400 — Y total = 110 pcf — -400
Anisotropic Strengths
-450 — —| -450
500 | | | | | | | | | | | | | | | | | | | | | | | -500

-0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00
Horizontal Distance, ft (x 1000)



Elevation ft MSL

150

100

50

-50

-100

-150

-200

-250

-300

-350

-400

-450

-500

-50 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
| | | | | | | | | | | | | | | | 10
—  Salton Sea Restoration Project — 100
Project Number: 27662033
Filename: Dumped Dike_ex_104 1 (1).slz
—  Date: March, 2004 — %0
— — 0
— —! -50
— — -100
Embankment Fill
— Ytotal = 120 pcf — -150
= 30 degrees
— — -200
b )
— AV == .250
— I — -300
— — -350
Seafloor or Lacustrine Deposits
Ytotal = 110 pcf
— Anisotropic Strength — 400
— —! -450
| | | | | | | | | | | | | | | | 500
-50 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800

Horizontal Distance, ft



Elevation ft MSL

Horizontal Distance, ft

200 -150 -100 -50 O 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950
300 300
| | | | | | | | | | | | | | | | | | | | | |
250 (— 250

Salton Sea Restoration Project
200 —  project Number: 27662033 200
150 Filename: Rock Dike_ex 104 _1.slz 150
Date: March, 2004
100 — 100
50 — 50
01— 0
50 — Densified Fill | 50
Ytotal = 120 pcf |
100 — @= 30 degrees 4|, -100
ol Rock Fill J -
Y total = 130 pcf (]
200 (=42 degrees 200
4
-250 = = T -250
1 = finnntal
-300 — Ui -300
-350 (— _ _ -350
Seafloor or Lacustrine Deposits
400 — Y total = 110 pcf -400
Anisotropic Strengths
-450 — -450
0 ) B
200 -150 -100 -50 O 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950



APPENDIXB Engineering Workshop Biographical Sketches

‘ms W:\27662033\00002-a-r.doc\5-May-04\SDG



APPENDIXB Engineering Workshop Biographical Sketches

This Appendix contains biographical sketches of the participants at the engineering workshop held on
March 23, 2004 in Ontario, California.

Mr. Leo D. Handfelt (Moderator) is a registered civil and geotechnical engineer with URS and over 26
years of engineering experience on complex infrastructure projects throughout southern California and the
world. He has worked on numerous projects involving marine construction including new reclamations in
the Ports of Los Angeles, Long Beach and San Diego, and the new International Airport in Hong Kong.
Practicing in southern California he is fully aware of the seismic design considerations for new
reclamations and embankments and methods to mitigate potential hazards. Late last year he was part of a
team that performed a due diligence review of the proposed lining projects for the All-American and
Coachella Canals. He has also managed the recently completed preliminary geotechnical investigation for
the Salton Sea Restoration Project. He received the American Society of Civil Engineering (ASCE)
Thomas A. Middlebrooks Award for co-authoring what was judged to be the most outstanding paper
published in ASCE’s 1988 Geotechnical Engineering Journal.

William Brownlie Ph.D., P.E. (Co-Moderator) joined Tetra Tech in 1981, and has extensive experience
in engineering and program management for water resource projects. He specializes in performance and
oversight of major multidisciplinary environmental, civil engineering, and planning investigations. These
programs have required preparation of environmental impact documentation, planning studies,
environmental engineering design and analysis, and hazardous materials management. Dr. Brownlie has
also conducted a large number of watershed management and river and coastal hydraulic engineering
projects, including flood hazard assessments and assessments of the environmental effects of water
resources programs. Dr. Brownlie participated in the development and validation of a DoD approved
cost/schedule control system.

Mr. Jack L. Delp, P.E. is a registered civil engineer and retired from the Bureau of Reclamation in May
2000 and currently is employed by Reclamation for his knowledge and experience in construction
management and project development. He had over 37 years with Reclamation on major water resource
projects in the states of California and Nevada. Projects consisting of Central Valley Project, California;
Southern Nevada Water Project, Second Stage, Nevada; and Boulder Canyon Project, California —
Nevada. Responsible Construction Engineer for construction management activities including projects as
the Hoover Dam Spillway Modifications, construction of Headgate Rock Power Plant and related
facilities, including diversion facilities in Colorado River, Hoover Dam Uprating Program, and Hoover
Dam Visitor Center Complex. Currently is representing Reclamation Lower Colorado Regional Engineer
as Civil Engineering Consultant on the Coachella Canal and All American Canal Lining Projects.

Mr. Michael P. Forrest, P.E. is a registered civil and geotechnical engineer with URS and has over 34 years
of engineering experience. His wide range of responsibilities has included managing site selection studies,
geotechnical investigations, feasibility studies, alternatives evaluation, conceptual and final designs, and
construction management. He has lead multi-disciplinary teams and has managed many projects for
design of major embankment and roller compacted concrete (RCC) dams, tunnels and canals, and has
extensive experience in treatment of both soil and rock foundations. He has been extensively involved on
projects requiring state and federal agency approvals. Mr. Forrest was the lead dam designer for the
Diamond Valley Lake Project in Riverside County. He is currently the project manager for the In-Delta
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Storage Project, which is a feasibility study for constructing reservoir embankments on very soft clay and
peat and loose sands.

Mr. Richard R. Davidson, P.E. is currently Director of the global Geo-Engineering Technology for
URS. He has been involved with all types of dams for over twenty-nine years. His breadth of experience
ranges from building some of the largest earth-rockfill dams in the United States to rehabilitating century-
old puddle clay core dams and masonry dams in Australia, to stabilizing landslides affecting water
retention and tailings dams in New Zealand and Peru. He has worked extensively for the Corps of
Engineers, Bureau of Reclamation, Goulburn-Murray Water and many major dam owners throughout the
world. Mr. Davidson has special expertise in design, dam safety, risk assessments and triple bottom line
risk management, hydro power projects, dam rehabilitation, slurry wall cutoffs, landslides, seismic
behavior of embankment dams, tailings dams, cofferdams, instrumentation. Relevant to the Salton Sea
project, he has extensive experience with building embankments on soft soils such as the Kennecott North
Expansion project built out on Salt Lake sediments, Storz Expressway in Omaha, Jackson Lake Dam
remediation in Wyoming, Grizzly Gulch dam in South Dakota, and many tailings dams all over the world.
He has lectured on various foundation improvement technologies and will be presenting the state of the
art at the upcoming professional meeting in St Louis.

Mr. Joseph Ehasz, P.E. is a registered professional civil engineer in California and 29 other states with
Washington Group and has 36 years of experience in civil engineering, design and construction aspects of
water resources and hydroelectric facilities, dams, tunnels, and power plants. He has the unique capability
of understanding both design and construction aspects of projects, from his own experience, and uses that
experience in his role as Senior Reviewer. Currently he is the Project Manager assisting the Division of
Engineering on the South Delta Improvement Program (SDIP) for the Department of Water Resources,
State of California. Recently he served as the Project Construction Manager for the Olivenhain Dam, a
310-foot high RCC Dam, for the San Diego County Water Authority in North San Diego County. He also
served as the Design Director for Washington Group on the Metropolitan Water District’s $2 billion
Diamond Valley Lake Project, as well as the Owner’s Construction Manager for dams. Mr. Ehasz was
also on the Board of Consultants for the $1 billion San Roque Power Project in the Philippines that
involved over seven miles of tunnels and adits as well as 200 meter-high embankment dam and 350 MW
Power Plant. Mr. Ehasz is a member of U.S. Committee on Large Dams and serves as the Chairman of
the Committee on Earthquake Design of Dams. In addition, Mr. Ehasz serves on several FERC Boards of
Technical Review on new as well as rehabilitation of dams and hydraulic structures.

Mr. Robert Hall, P.E. is a registered civil with Tetra Tech and has 38 years of experience in the design
and construction of multipurpose public works. As Chief of the Design group of the Los Angeles District
Corps of Engineers for the 15 years before he retired from government service in 1998, Mr. Hall was
responsible for the design of numerous debris basins, and water detention and conveyance facilities.
These included new basins in the Phoenix vicinity, Dreamy Draw, Adobe, New River and Cave Creek
Dams; new detention basins in the Las Vegas area, Tropicana and Blue Diamond; a new dam in San
Bernardino County, Seven Oaks Dam; and major modifications to existing dams, Prado Dam in Riverside
County and Painted Rock Dam in Arizona.

Mr. Robert Lofgren is a consulting civil engineer that has been involved with clamshell and hydraulic
dredging since 1956. He has been responsible for estimating and managing hundreds of dredging projects,
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primarily on the West coast of the United States, but also in Canada, Brazil and Iraq. He has also been
responsible for the design and building of numerous hydraulic dredges. He has worked on new
reclamation fills in the Ports of Oakland, Los Angeles and Long Beach, and beach nourishment projects
in Sunset Beach, Port Hueneme, Ventura, and El Segundo (all in California). He was also involved in the
work required to restore navigation and flood control channels following the eruption of Mt. St. Helens.

Dr. Wolfgang Roth, P.E. with URS and has 34 years of experience in geotechnical engineering. One of
his specialty areas of expertise is the seismic-performance assessment of earthen structures, such as
embankment dams, slopes and earth retaining walls. In the early 1980s, Dr. Roth directed a NSF-
sponsored research project in a joint venture with Caltech, involving the development of an advanced
servo-hydraulic centrifuge shaker, which since has been adopted as prototype by major research
institutions worldwide. The scope of this project also included the testing of simple, practice-oriented,
nonlinear constitutive laws for their ability to predict shaking-induced permanent deformations of dams.
This work, eventually, lead to the first practical application of nonlinear dynamic, effective-stress
modeling in 1985, for the seismic-stability assessment of Pleasant Valley Dam for the Los Angeles
Department of Water & Power. In 1991/92, Dr. Roth participated in the NSF-sponsored Verification of
Liquefaction Analysis by Centrifuge Studies (VELACS); and, with the work performed for Pier J, Port of
Long Beach, he also spearheaded the practical application of dynamic, nonlinear soil-structure interaction
analyses for pile-supported wharves. Dr. Roth taught graduate geotechnical engineering courses in 1976
and 1977 at the Catholic University of Rio de Janeiro, Brazil, and he has published numerous technical
papers and given invited lectures on the subject of seismic analysis of earthen structures and other topics.

Mr. Rob Stroop, P.E. is a registered civil and geotechnical engineer with URS and has over 15 years of
engineering experience. Mr. Stroop has been a design manager, team leader, and project engineer on
individual geotechnical consulting assignments and multidisciplinary civil engineering projects
throughout California and the world. He has worked within diverse and unusual geologic environments
that ranged from the saprolites of Hong Kong, the micaceous sands of Bangladesh, the hydro-thermally
altered soils of New Zealand and Indonesia and the saline “Sabkha” deposits found in the Middle East.
Mr. Stroop has managed the geotechnical analysis and design for projects with characteristics that are
similar to the Salton Sea Restoration, such as investigating marine subsurface conditions and the design
of improvements on large reclamations. He contributed to the preliminary geotechnical investigation for
the Salton Sea Restoration Project.

Mr. Roy Watts is an experienced construction manager, skilled in project controls, construction
planning, construction cost estimating and scheduling and claims avoidance. In the past 29 years, 10 with
URS, he has acquired diversified experience in design and construction of projects involving dams,
canals, transportation and mine closure. Additional responsibilities include construction implementation
and quality control, scheduling all levels of project development, construction conceptual and final design
cost estimates, planning and scheduling. He is proficient in the use of electronic project management, cost
estimating and scheduling software.

Mr. Javier Weckmann P.E. with Tetra Tech has over 25 years of experience in coastal, civil and
environmental planning and engineering. He has conducted the remedial investigations, feasibility
studies, engineering, design, and planning for several civil design and remedial implementation projects.
His responsibilities, on projects such as the Stringfellow and McColl Superfund sites, as well various
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former MGP sites, have included: dredging analyses, erosion assessments, landfill design, groundwater
pump and treat systems, surface runoff control channels, and contaminated soil excavation, treatment, and
disposal. Mr. Weckmann has also managed asbestos and other hazardous material abatement projects. His
hazardous waste experience includes abatement and remedial action projects for private/commercial
clients and for government agencies, such as Inland Valley Development Agency, NORCAL, The Gas
Company (Sempra), California EPA- DTSC, and U.S. Air Force. Mr. Weckmann also has provided
construction management services on the majority of his projects, and has followed through to
completion.

Mr. Richard L. Wiltshire, P.E. is a registered professional (civil/geotechnical) engineer with over 25
years of experience with the U.S. Bureau of Reclamation at its Denver Office. As a Senior Engineer and
Principal Designer, he has been responsible for a number of embankment dam projects that involved
investigations, analyses, designs, plans, and specifications for replacement of or modifications to existing
dams belonging to Reclamation and the Bureau of Indian Affairs located in Colorado, Idaho, Montana,
New Mexico, and Utah. Mr. Wiltshire has also directed Reclamation’s technical assistance work on six
EPA Superfund sites, including site investigations, analyses, evaluations, remedial designs, and design
oversight during construction. He has been a member of Reclamation’s Salton Sea Restoration Project
team for over five years. Mr. Wiltshire is a member of the U.S. Society on Dams and serves as Vice-
Chairman of its ICOLD Papers Committee.

Mssrs. Frank Bechtold, and Ken Feldhacker (dredging superintendent and dredging engineer,
respectively, with Manson Construction Company) also participated in the workshop. Biographical
sketches were not available for these individuals.
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APPENDIXC Appraisal Level Cost Estimates - Dam Concepts

For Sea Level
at -230 Feet MSL
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Table C-1.

Appraisal Level Cost Estimate - Mid-Sea Seismic Dike with Sea at -230 ft MSL
Salton Sea Restoration Project

Quantities per lineal foot of Dam
Seafloor Maximum | Assumed Soft| | emum Seismic Dike
Elevation (Iirl;::ﬂ‘tehet) Overex Depth | Soils Depth He?ar:? ab . Compacted ) Cofferdam
(ft MSL) (feet) (feet) o) 02/;% Fill ¢ R('gy';;p (IF1)
(cy/If)
-270 26,000 25 40 70 624 969 11 1
-260 7,500 15 35 50 322 584 11 1
-245 12,100 5 25 25 69 181 11 1
Totals 45,600
Total Quantities
Seaflqor Length Assumed Assymed Soft I?am . Seismic Dike
Elevation (lineal feet) Overex Depth | Soils Depth Height . Compacted _ Cofferdam
(ft MSL) (feet) (feet) (feet) Overex Eil 4 Rip Rap (ft)
(c) ) ()
-270 26,000 25 40 70 16,225,926 25,181,000 288,889 26,000
-260 7,500 15 35 50 2,416,667 4,382,083 83,333 7,500
-245 12,100 5 25 25 840,278 2,194,133 134,444 12,100"
Totals 45,600 19,482,870 31,757,217 506,667 45,600
Unit Costs
Seaflo_or Length Assumed Assymed Soft Pam ) Seismic Dike
Elevation (lineal feet) Overex Depth | Soils Depth Height * i Compacted . Cofferdam
(ft MSL) (feet) (feet) (feet) Overex Fill & Rip Rap ($/ft)
($/cy) ($/cy) ($/cy)
-270 26,000 25 40 70 $6.00 $6.70 $8.00 $12,670.00
-260 7,500 15 35 50 $6.00 $6.70 $8.00 $12,670.00]
-245 12,100 5 25 25 $6.00 $6.70 $8.00 $12,670.00
Totals 45,600
Total Costs
Seaflqor Length Assumed Assymed Soft I?am . Seismic Dike
Elevation (lineal feet) Overex Depth| Soils Depth Height * Compacted Coffordam
(ft MSL) (feet) (feet) (feet) Overex © Fiﬁ " Rip Rap
-270 26,000 25 40 70 $97,355,556 $168,712,700 $2,311,111 $329,420,000
-260 7,500 15 35 50 $14,500,000 $29,359,958 $666,667 $95,025,000"
-245 12,100 5 25 25 $5,041,667 $14,700,693 $1,075,556 $153,307,000||
Totals 45,600 $116,897,222 $212,773,352 $4,053,333 $577,752,000
TOTAL CONSTRUCTION COSTS $911,475,907
Notes: MOBILIZATION 5% $45,573,795
a. Assumes Sea level of -230 feet MSL. UNLISTED ITEMS 10% $91,147,591
b. Assumes 5 feet of freeboard. CONTRACT COST  $1,048,197,293
c. Assumes 10 feet max overexcavation under crest. CONTINGENCIES 25% $262,049,323
d. Assumes 6 :1 average slope inclination (7:1 dnstrm, 5:1 upstrm). FIELD COST  $1,310,246,617
e. Includes 6% compression (average) of soft sediments remaining. NONCONTRACT COSTS 30% $393,073,985
TOTAL PROJECT COST  $1,703,320,602
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Table C-2.
Appraisal Level Cost Estimate - Mid-Sea DSM Cellular Cofferdam with Sea at -230 ft MSL
Salton Sea Restoration Project

Quantities per lineal foot of Dam
Seafloor Assumed | pam Cofferdam
Elevation | . Length Overex Height ° Web Ground
(ft MSL) (lineal feet) Dfepth (feet) Sheet Piles ¢ | Width Height Spacing © Backfill Impr(r)c\)/i?nent
(feet) (sq ft/If) (feet) | (feet) FZ feet)g (cy/If) (ey/i
-270 26,000 45 352 70 88 35 117 228
-260 7,500 35 300 60 75 30 78 167
-245 12,100 20 220 45 55 23 33 92
Totals 45,600
Total Quantities
Seafloor Assumed Dam Cofferdam
Elevation (Ii#:;%z]et) %\;ertehx Height *° _ _ Ground
(ft MSL) (ert) (feet) Sh((ase(;( fT)'IeS B?g;; i Improvement
(cy)
-270 26,000 45 9,152,000 3,033,333 5,931,852
-260 7,500 35 2,250,000 583,333 1,250,000
-245 12,100 20 2,662,000 403,333 1,109,167
Totals 45,600 14,064,000 4,020,000 8,291,019
Unit Costs
Seafloor Assumed | pam Cofferdam
Elevation . Length Overex Height *° S g
(ft MSL) (lineal feet) [()fzztr)] (feet) Sheet Piles Backiill Impr(r)c\)/i?nent
($/sq ft) ($/cy) ($cy)
-270 26,000 45 $26.00 $3.90 $55.00
-260 7,500 35 $26.00 $3.90 $55.00|
-245 12,100 20 $26.00 $3.90 $55.00
Totals 45,600
Total Costs
Seafloor Assumed Dam Cofferdam
Elevation . Length Overex Height ab
(tmse) | (nealfest E’;Zi')‘ (feet) | Sheet Piles Backfil Ground
Improvement
-270 26,000 45 $237,952,000 $11,830,000( $326,251,852
-260 7,500 35 $58,500,000 $2,275,000 $68,750,000
-245 12,100 20 $69,212,000 $1,573,000 $61,004,167
Totals 45,600 $365,664,000 $15,678,000] $456,006,019
TOTAL CONSTRUCTION COSTS  $837,348,019
Notes: MOBILIZATION (5% of earthwork) $41,867,401
a. Assumes Sea level of -230 feet MSL. UNLISTED ITEMS 10% $83,734,802
b. Assumes 5 feet of freeboard. CONTRACT COST  $962,950,221
c. Assumes sheet pile web spacing equal to half of cell width. CONTINGENCIES 25%  $240,737,555
FIELD COST $1,203,687,777
NONCONTRACT COSTS 30%  $361,106,333
TOTAL PROJECT COST $1,564,794,110
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Table C-3.

Appraisal Level Cost Estimate - Mid-Sea Zoned Rockfill Dam with Sea at -230 ft MSL
Salton Sea Restoration Project

Quantities per lineal foot of Dike
;eaﬂ?or Length 5 Assunl"l:)ed i B?mezlb Rock Dike with Dredged Fill
(f?l(/?sllc_);] (lineal feet) vel;?:et)ept H?}ggt) Overex Rock Fill ¢¢ Hydraulic Fill Riprap Impﬁ;?/zr;?e nt
(cy/If) (cy/If) (cy/ft) (cy/If) (cy/f)
-270 26,000 25 70 645 980 46 11 46
-260 7,500 15 50 317 561 57 11 57
-245 12,100 5 25 59 172 26 11 26
Totals 45,600
Total Quantities
Seaflgor Length Assumed Bérrie:b o §
E(}te‘,(fg'f;‘ (lineal feet) OVef(?:e?)ePth H?;gg) : Overex Rock Fill Hydraulic Fill | Riprap ,mpr;‘\’,i;em
(cy) (cy) (cy) (cy) (cy)
-270 26,000 25 70 16,767,593 25,491,315 1,191,667 288,889 1,191,667
-260 7,500 15 50 2,378,472 4,207,708 427,083 83,333 427,083
-245 12,100 5 25 717,037 2,078,511 313,704 134,444 313,704
Totals 45,600 19,863,102 31,777,534 1,932,454 506,667 1,932,454
Unit Costs
Seaflgor Length Assumed B?rriezb . - . Ground
%?K/?glc_,;] (lineal feet) Ove??:el?)epth H%igg:) ' Overex Rock Fill Hydraulic Fill Riprap Improvement
($/cy) ($/cy) ($/cy) ($/cy) ($cy)
-270 26,000 25 70 $2.90 $7.53 $3.90 $8.00 $5.00
-260 7,500 15 50 $2.90 $7.53 $3.90 $8.00 $5.00||
-245 12,100 5 25 $2.90 $7.53 $3.90 $8.00 $5.00
Totals 45,600
Total Costs
Seafloor Assumed Barrier
Elevation Length 1 o erex Depth | Height ®° ) o ) Ground
(ft MSL) (lineal feet) (feet) (feet) Overex Rock Fill Hydraulic Fill Riprap Improvement
-270 26,000 25 70 $48,626,019 $191,949,601 $4,647,500 $2,311,111 $5,958,333
-260 7,500 15 50 $6,897,569 $31,684,044 $1,665,625 $666,667 $2,135,417|
-245 12,100 5 25 $2,079,407 $15,651,189 $1,223,444 $1,075,556 $1,568,519
Totals 45,600 $57,602,995 $239,284,833 $7,536,569 $4,053,333 $9,662,269||
TOTAL CONSTRUCTION COSTS  $318,140,000
Notes: MOBILIZATION (5% of construction costs) $15,907,000
a. Assumes Sea level of -230 feet MSL. UNLISTED ITEMS @ 10% $31,814,000
b. Assumes 5 feet of freeboard. CONTRACT COST  $365,861,000]
c. Assumes 6 :1 average slope inclination (7:1 dnstrm, 5:1 upstream) CONTINGENCIES @ 25% $91,465,250
d. Includes 6% compression (average) of soft sediments remaining. FIELD COST $457,326,249
NONCONTRACT COSTS @ 30% $137,197,875

TOTAL PROJECT COST

$594,524,124
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Appraisal Level Cost Estimate - Mid-Sea Blanketed Rockfill Dam with Sea at -230 ft MSL

Table C-4.

Salton Sea Restoration Project

Quantities per lineal foot of Dam
Eﬁ:iggg; .Length Assumed Overex Assumed Soft Dam Height ° Blanket;d ROC:ﬂ” Ll
(ft MSL) (lineal feet) | Depth (feet) Soils Depth (feet) (feet) Overex ° R‘;r:kpie Rip Rap
(cy/If) (cy/lf) (cy/If)
-270 26,000 25 40 70 579 894 10
-260 7,500 15 35 50 299 540 10
-245 12,100 5 25 25 65 169 10
Totals 45,600
Total Quantities
Eslgizfc)ig:] ‘Length | Assumed Overex | Assumed Soft Dam Height *° Blanket;d Rocl;ﬂll oem
(ft MSL) (lineal feet) |  Depth (feet) Soils Depth (feet) (feet) Overex © R‘(’)’;‘Eie Rip Rap
(cy) () (cy)
-270 26,000 25 40 70 15,046,296 23,236,296 264,815
-260 7,500 15 35 50 2,243,056 4,050,833 76,389
-245 12,100 5 25 25 784,259 2,040,643 123,241
Totals 45,600 18,073,611 29,327,772 464,444
Unit Costs
Eﬁ:iggg; .Length Assumed Overex Assumed Soft Dam Height ab Blanket;d ROC:ﬂ” oem
(ft MSL) (lineal feet) | Depth (feet) Soils Depth (feet) (feet) Overex ° R‘;r:kpie Rip Rap
($/cy) ($/cy) ($/cy)
-270 26,000 25 40 70 $2.90 $7.53 $8.00
-260 7,500 15 35 50 $2.90 $7.53 $8.00
-245 12,100 5 25 25 $2.90 $7.53 $8.00
Totals 45,600
Total Costs
Eslgizfc)ig:] ‘Length | Assumed Overex | Assumed Soft Dam Height *° Sanketed Rockfll bem
(ft MSL) (lineal feet) Depth (feet) Soils Depth (feet) (feet) Overex ® Dumped Rip Rap
Rock ¢
-270 26,000 25 40 70 $43,634,259 $174,969,311 $2,118,519
-260 7,500 15 35 50 $6,504,861 $30,502,775 $611,111
-245 12,100 5 25 25 $2,274,352 $15,366,039 $985,926
Totals 45,600 $52,413,472 $220,838,125 $3,715,556
TOTAL CONSTRUCTION COSTS $276,967,153
Notes: MOBILIZATION (5% of earthwork) $13,848,358
a. Assumes Sea level of -230 feet MSL. UNLISTED ITEMS 10% $27,696,715
b. Assumes 5 feet of freeboard. CONTRACT COST $318,512,226
c. Assumes 10 feet max overexcavation under crest. CONTINGENCIES 25% $79,628,056
d. Assumes 5.5 :1 average slope inclination (7:1 dnstrm, 4:1 upstrm). FIELD COST $398,140,282
e. Includes 6% compression of avg of soft sediments remaining. = NONCONTRACT COSTS 30% $119,442,085
TOTAL PROJECT COST $517,582,366
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Table C-5.
Appraisal Level Cost Estimate - Mid-Sea Precast Concrete Caisson Dam with Sea at -230 ft MSL
Salton Sea Restoration Project

Unit Costs
Seafloor . .
Elevation i Lenlgfth Copstruct Dry Dock Place Caissons M|sce||ar_1eous Dredging Total Costs
(ft MSL) (lineal feet) Caissons ($/1f) ($/1) Operations Allowance ($/1f)
($/1f) ($/1f) ($/1f)
45,600 $ 11,830 | $ 200 | § 760 [ $ 1,330 | $ 809 14,200
Total Costs
Seafloor
Elevation Length Construct Miscellaneous Dredging
(ft MSL) (lineal feet) Caissons Dry Dock Place Caissons Operations Alowance Total Costs
45,600| $539,448,000 $9,120,000 $34,656,000 $60,648,000 $3,648,000/ $ 647,520,000
TOTAL CONSTRUCTION COSTS $647,520,000
Notes: MOBILIZATION 5% $32,376,000
a. Assumes Sea level of -230 feet MSL. UNLISTED ITEMS 10% $64,752,000
b. Assumes 5 feet of freeboard. CONTRACT COST $744,648,000
c. Assumes 70' 0.d. caissons at 72' center-to-center spacing CONTINGENCIES 25% $186,162,000
d. Assumes 2' gap closed with sheetpile FIELD COST $930,810,000
NONCONTRACT COSTS 30% $279,243,000

TOTAL PROJECT COST _ $1,210,053,000
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Table C-6.
Appraisal Level Cost Estimate - Concrete Sheetpile Cofferdam with Sea at -230 ft MSL
Salton Sea Restoration Project

Quantities per lineal foot of Dam

Cofferdam
Seaflo_or Length Assumed Dam Height
Elevation lineal f Overex Depth| Ground
@tmsr) | (inealfeet) (feet) (feet) | Sheet Piles®| Width | Height |  Backiil
sqftf)y | (feet) | (feet) (cy/if) Improvement
q (cy/lf)
-270 26,000 45 176 70 88 117 228
-260 7,500 35 150 60 75 78 167
-245 12,100 0 20 110 45 55 33 92
Totals 45,600
Total Quantities
Cofferdam
Seaflqor Length Assumed | o, Height
Elevation lineal feet Overex Depth| ., Ground
(fimsy) | (linealfeet) (feet) (feet) | Sheet Piles Backfil
(sq ft) (cy) Improvement
(cy)
-270 26,000 0 45 4,576,000 3,033,333 5,931,852
-260 7,500 35 1,125,000 583,333 1,250,000
-245 12,100 20 1,331,000 403,333 1,109,167
Totals 45,600 7,032,000 4,020,000 8,291,019
Unit Costs
Cofferdam
Seaflo_or Length Assumed Dam Height
Elevation lineal f Overex Depth| Ground
(ft MSL) (lineal feet) (feet) (feet) Sheet Piles Backfill
($/sq ft) ($/cy) Improvement
($cy)
-270 26,000 45 $65.00 $3.90 $5.00
-260 7,500 35 $65.00 $3.90 $5.00
-245 12,100 0 20 $65.00 $3.90 $5.00
Totals 45,600
Total Costs
Cofferdam
Seaflqor Length Assumed | o, Height
Elevation (lineal feet) Overex Depth| (feet)
(ft MSL) (feet) Sheet Piles Backfil Ground
Improvement
-270 26,000 0 45 $297,440,000 $11,830,000 $29,659,259
-260 7,500 35 $73,125,000 $2,275,000 $6,250,000
-245 12,100 20 $86,515,000 $1,573,000 $5,545,833
Totals 45,600 $457,080,000 $15,678,000 $41,455,093
TOTAL CONSTRUCTION COSTS  $514,213,093
Notes: MOBILIZATION (5% of earthwork) $25,710,655
a. Assumes Sea level of -230 feet MSL. UNLISTED ITEMS 10% $51,421,309
b. Assumes 5 feet of freeboard. CONTRACT COST  $591,345,056
CONTINGENCIES 25%  $147,836,264
FIELD COST  $739,181,321
NONCONTRACT COSTS 30%  $221,754,396

TOTAL PROJECT COST

$960,935,717
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Table C-7.

Appraisal Level Cost Estimate - Mid-Sea Seismic Dike with Sea at -235 ft MSL
Salton Sea Restoration Project

Quantities per lineal foot of Dam
Seafloor Maximum | Assumed Soft| | emum Seismic Dike
Elevation (Iirl;::ﬂ‘tehet) Overex Depth | Soils Depth He?ar:? ab . Compacted ) Cofferdam
(ft MSL) (feet) (feet) o) 02/;% Fill ¢ R('gy';;p (IF1)
(cyl/If)
-270 26,000 25 40 65 585 827 11 1
-260 7,500 15 35 45 294 476 11 1
-245 11,200 5 25 20 58 123 11 1
Totals 44,700
Total Quantities
Seaflqor Length Assumed Assymed Soft I?am . Seismic Dike
Elevation (lineal feet) Overex Depth | Soils Depth Height . Compacted _ Cofferdam
(ft MSL) (feet) (feet) (feet) Overex Eil 4 Rip Rap (ft)
(c) ) ()
-270 26,000 25 40 65 15,214,815 21,491,889 288,889 26,000
-260 7,500 15 35 45 2,208,333 3,567,917 83,333 7,500
-245 11,200 5 25 20 653,333 1,378,844 124,444 11 ,200"
Totals 44,700 18,076,481 26,438,650 496,667 44,700
Unit Costs
Seaflo_or Length Assumed Assymed Soft Pam ) Seismic Dike
Elevation (lineal feet) Overex Depth | Soils Depth Height * i Compacted . Cofferdam
(ft MSL) (feet) (feet) (feet) Overex Fill & Rip Rap ($/ft)
($/cy) ($/cy) ($/cy)
-270 26,000 25 40 65 $6.00 $6.70 $8.00 $11,950.11
-260 7,500 15 35 45 $6.00 $6.70 $8.00 $11,950.11
-245 11,200 5 25 20 $6.00 $6.70 $8.00 $11,950.11
Totals 44,700
Total Costs
Seaflqor Length Assumed Assymed Soft pam . Seismic Dike
Elevation (lineal feet) Overex Depth| Soils Depth Height * Compacted Coffordam
(ft MSL) (feet) (feet) (feet) Overex © Fiﬁ " Rip Rap
-270 26,000 25 40 65 $91,288,889 $143,995,656 $2,311,111 $310,702,955
-260 7,500 15 35 45 $13,250,000 $23,905,042 $666,667 $89,625,852
-245 11,200 5 25 20 $3,920,000 $9,238,258 $995,556 $133,841,273
Totals 44,700 $108,458,889 $177,138,955 $3,973,333 $534,170,080
TOTAL CONSTRUCTION COSTS $823,741,257
Notes: MOBILIZATION 5% $41,187,063
a. Assumes Sea level of -235 feet MSL. UNLISTED ITEMS 10% $82,374,126
b. Assumes 5 feet of freeboard. CONTRACT COST $947,302,445
c. Assumes 10 feet max overexcavation under crest. CONTINGENCIES 25% $236,825,611
d. Assumes 6 :1 average slope inclination (7:1 dnstrm, 5:1 upstrm). FIELD COST  $1,184,128,057
e. Includes 6% compression (average) of soft sediments remaining. NONCONTRACT COSTS 30% $355,238,417
TOTAL PROJECT COST  $1,539,366,474
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Table C-8.
Appraisal Level Cost Estimate - Mid-Sea DSM Cellular Cofferdam with Sea at -235 ft MSL
Salton Sea Restoration Project

Quantities per lineal foot of Dam

TOTAL PROJECT COST

Seafloor Assumed | pam Cofferdam
Elevation | . Length Overex Height ° Web Ground
(ft MSL) (lineal feet) Dfepth (feet) Sheet Piles ¢ | Width Height Spacing © Backfill Impr(r)c\)/i?nent
(feet) (sq ft/If) (feet) | (feet) FZ feet)g (cy/If) (ey/i
-270 26,000 40 332 66 83 33 98 203
-260 7,500 30 283 57 71 28 63 148
-245 11,200 15 220 45 55 23 25 92
Totals 44,700
Total Quantities
Seafloor Assumed Dam Cofferdam
Elevation (Iirlgcee:ﬂz]et) %\;ertehx Height ®° _ . Ground
(ft MSL) (ert) (feet) Sh((ase(;( fT)'IeS B?g;; i Improvement
(cy)
-270 26,000 40 8,632,000 2,543,098 5,276,928
-260 7,500 30 2,122,159 471,591 1,111,990
-245 11,200 15 2,464,000 280,000 1,026,667
Totals 44,700 13,218,159 3,294,689 7,415,584
Unit Costs
Seafloor Assumed | pa Cofferdam
Elevation . Length Overex Height *° s g
(ft MSL) (lineal feet) [()fzztr)] (feet) Sheet Piles Backiill Impr(r)c\)/i?nent
($/sq ft) ($/cy) ($cy)
-270 26,000 40 $26.00 $3.90 $55.00
-260 7,500 30 $26.00 $3.90 $55.00|
-245 11,200 15 $26.00 $3.90 $55.00
Totals 44,700
Total Costs
Seafloor Assumed Dam Cofferdam
Elevation (Ii#::I%t;]et) %\;ertehx Height *°
(ft MSL) (fezt) (feet) | Sheet Piles Backfil |m§;c\)/:r::ent
-270 26,000 40 $224,432,000 $9,918,081| $290,231,019
-260 7,500 30 $55,176,136 $1,839,205 $61,159,446
-245 11,200 15 $64,064,000 $1,092,000 $56,466,667
Totals 44,700 $343,672,136 $12,849,285| $407,857,131
TOTAL CONSTRUCTION COSTS  $764,378,553
Notes: MOBILIZATION (5% of earthwork) $38,218,928
a. Assumes Sea level of -235 feet MSL. UNLISTED ITEMS 10% $76,437,855
b. Assumes 5 feet of freeboard. CONTRACT COST  $879,035,336
c. Assumes sheet pile web spacing equal to half of cell width. CONTINGENCIES 25%  $219,758,834
FIELD COST $1,098,794,170
NONCONTRACT COSTS 30%  $329,638,251

$1,428,432,421
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Table C-9.

Appraisal Level Cost Estimate - Mid-Sea Zoned Rockfill Dam with Sea at -235 ft MSL
Salton Sea Restoration Project

Quantities per lineal foot of Dike
;eaﬂ?or Length 5 Assunl"l:)ed i B?mezlb Rock Dike with Dredged Fill
(f?l(/?sllc_);] (lineal feet) vel;?:et)ept H?}ggt) Overex Rock Fill ¢¢ Hydraulic Fill Riprap Impﬁ;?/ir;?e nt
(cy/If) (cy/If) (cy/ft) (cy/If) (cy/f)
-270 26,000 25 65 596 813 56 11 56
-260 7,500 15 45 282 440 56 11 56
-245 11,200 5 20 45 103 27 11 27
Totals 44,700
Total Quantities
Seaflgor Length Assumed Bérrie:b R §
E(}te‘,(fg'f;‘ (lineal feet) OVef(?:e?)ePth H%iggt) : Overex Rock Fill Hydraulic Fill | Riprap ,mprg‘;‘;;em
(cy) (cy) (cy) (cy) (cy)
-270 26,000 25 65 15,503,704 21,128,130 1,444,444 288,889 1,444,444
-260 7,500 15 45 2,118,056 3,303,264 416,667 83,333 416,667
-245 11,200 5 20 508,148 1,152,563 305,926 124,444 305,926
Totals 44,700 18,129,907 25,583,956 2,167,037 496,667 2,167,037
Unit Costs
Seaflgor Length Assumed B?rriezb . - . Ground
%?ngf; (lineal feet) Ove??:el?)epth H%igg:) ' Overex Rock Fill Hydraulic Fill Riprap Improvement
($/cy) ($/cy) ($/cy) ($/cy) ($cy)
-270 26,000 25 65 $2.90 $7.53 $3.90 $8.00 $5.00
-260 7,500 15 45 $2.90 $7.53 $3.90 $8.00 $5.00||
-245 11,200 5 20 $2.90 $7.53 $3.90 $8.00 $5.00
Totals 44,700
Total Costs
Seafloor Assumed Barrier
Elevation Length 1 o erex Depth | Height ®° ) o ) Ground
(ft MSL) (lineal feet) (feet) (feet) Overex Rock Fill Hydraulic Fill Riprap Improvement
-270 26,000 25 65 $44,960,741 $159,094,816 $5,633,333 $2,311,111 $7,222,222
-260 7,500 15 45 $6,142,361 $24,873,577 $1,625,000 $666,667 $2,083,333]
-245 11,200 5 20 $1,473,630 $8,678,799 $1,193,111 $995,556 $1,529,630
Totals 44,700 $52,576,731 $192,647,192 $8,451,444 $3,973,333| $10,835,185
TOTAL CONSTRUCTION COSTS  $268,483,887|
Notes: MOBILIZATION (5% of construction costs) $13,424,194
a. Assumes Sea level of -235 feet MSL. UNLISTED ITEMS @ 10% $26,848,389
b. Assumes 5 feet of freeboard. CONTRACT COST $308,756,470-
c. Assumes 6 :1 average slope inclination (7:1 dnstrm, 5:1 upstream) CONTINGENCIES @ 25% $77,189,117
d. Includes 6% compression (average) of soft sediments remaining. FIELD COST $385,945,587
NONCONTRACT COSTS @ 30% $115,783,676

TOTAL PROJECT COST $501,729,263||
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Appraisal Level Cost Estimate - Mid-Sea Blanketed Rockfill Dam with Sea at -235 ft MSL

Table C-10.

Salton Sea Restoration Project

Quantities per lineal foot of Dam
Eﬁ:iggg; .Length Assumed Overex Assumed Soft Dam Height ° Blanket;d ROC:ﬂ” Ll
(ft MSL) (lineal feet) | Depth (feet) Soils Depth (feet) (feet) Overex ° R‘;r:kpie Rip Rap
(cy/If) (cy/lf) (cy/If)
-270 26,000 25 40 65 543 763 10
-260 7,500 15 35 45 274 440 10
-245 11,200 5 25 20 55 115 10
Totals 44,700
Total Quantities
Eslgizfc)ig:] ‘Length | Assumed Overex | Assumed Soft Dam Height *° Blanket;d Rocl;ﬂll oem
(ft MSL) (lineal feet) |  Depth (feet) Soils Depth (feet) (feet) Overex © R‘(’)’;‘Eie Rip Rap
(cy) () (cy)
-270 26,000 25 40 65 14,119,444 19,842,574 264,815
-260 7,500 15 35 45 2,052,083 3,301,042 76,389
-245 11,200 5 25 20 611,852 1,285,926 114,074
Totals 44,700 16,783,380 24,429,542 455,278
Unit Costs
Eﬁ:iggg; .Length Assumed Overex Assumed Soft Dam Height ab Blanket;d ROC:ﬂ” oem
(ft MSL) (lineal feet) | Depth (feet) Soils Depth (feet) (feet) Overex ° R‘;r:kpie Rip Rap
($/cy) ($/cy) ($/cy)
-270 26,000 25 40 65 $2.90 $7.53 $8.00
-260 7,500 15 35 45 $2.90 $7.53 $8.00
-245 11,200 5 25 20 $2.90 $7.53 $8.00
Totals 44,700
Total Costs
Eslgizfc)ig:] ‘Length | Assumed Overex | Assumed Soft Dam Height *° Sanketed Rockfll bem
(ft MSL) (lineal feet) Depth (feet) Soils Depth (feet) (feet) Overex ® Dumped Rip Rap
Rock ¢
-270 26,000 25 40 65 $40,946,389 $149,414,583 $2,118,519
-260 7,500 15 35 45 $5,951,042 $24,856,844 $611,111
-245 11,200 5 25 20 $1,774,370 $9,683,022 $912,593
Totals 44,700 $48,671,801 $183,954,449 $3,642,222
TOTAL CONSTRUCTION COSTS $236,268,472
Notes: MOBILIZATION (5% of earthwork) $11,813,424
a. Assumes Sea level of -235 feet MSL. UNLISTED ITEMS 10% $23,626,847
b. Assumes 5 feet of freeboard. CONTRACT COST $271,708,743
c. Assumes 10 feet max overexcavation under crest. CONTINGENCIES 25% $67,927,186
d. Assumes 5.5 :1 average slope inclination (7:1 dnstrm, 4:1 upstrm). FIELD COST $339,635,928
e. Includes 6% compression of avg of soft sediments remaining. = NONCONTRACT COSTS 30% $101,890,779
TOTAL PROJECT COST $441,526,707
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Table C-11.

Appraisal Level Cost Estimate - Mid-Sea Precast Concrete Caisson Dam with Sea at -235 ft MSL

Salton Sea Restoration Project

Unit Costs
Seafloor . .
Elevation i Lenlgfth Copstruct Dry Dock Place Caissons M|sce||ar_1eous Dredging Total Costs
(ft MSL) (lineal feet) Caissons ($/1f) ($/1) Operations Allowance ($/1f)
($/1f) ($/1f) ($/1f)
44,700| $ 11,158 | $ 189 | $ 717 [ $ 1,254 | $ 751$ 13,393
Total Costs
Seafloor
Elevation Length Construct Miscellaneous Dredging
(ft MSL) (lineal feet) Caissons Dry Dock Place Caissons Operations Alowance Total Costs
44,700| $498,755,489 $8,432,045 $32,041,773 $56,073,102 $3,372,818| $ 598,675,227
TOTAL CONSTRUCTION COSTS $598,675,227
Notes: MOBILIZATION 5% $29,933,761
a. Assumes Sea level of -235 feet MSL. UNLISTED ITEMS 10% $59,867,523
b. Assumes 5 feet of freeboard. CONTRACT COST $688,476,511
c. Assumes 70' 0.d. caissons at 72' center-to-center spacing CONTINGENCIES 25% $172,119,128
d. Assumes 2' gap closed with sheetpile FIELD COST $860,595,639
NONCONTRACT COSTS 30% $258,178,692

TOTAL PROJECT COST _ $1,118,774,331
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Table C-12.
Appraisal Level Cost Estimate - Concrete Sheetpile Cofferdam with Sea at -235 ft MSL
Salton Sea Restoration Project

Quantities per lineal foot of Dam

Cofferdam
Seaflo_or Length Assumed Dam Height
Elevation lineal f Overex Depth| Ground
tms) | (inealfeet) (feet) (feet) | Sheet Piles®| Width | Height |  Backiil | t
ft/if) (feet) | (feet) (cy/If) mprovemen
(sq (cy/lf)
-270 26,000 40 166 66 83 98 203
-260 7,500 30 141 57 71 63 148
-245 11,200 0 15 110 45 55 25 92
Totals 44,700
Total Quantities
Cofferdam
Seaflqor Length Assumed | o, Height
Elevation lineal feet Overex Depth| Ground
(fimsy) | (inealfeet) (feet) (feet) | Sheet Piles Backfil
(sq ft) (cy) Improvement
(cy)
-270 26,000 0 40 4,316,000 2,543,098 5,276,928
-260 7,500 30 1,061,080 471,591 1,111,990
-245 11,200 15 1,232,000 280,000 1,026,667
Totals 44,700 6,609,080 3,294,689 7,415,584
Unit Costs
Cofferdam
Seaflo_or Length Assumed Dam Height
Elevation lineal f Overex Depth| Ground
(ft MSL) (lineal feet) (feet) (feet) Sheet Piles Backfill
($/sq ft) ($/cy) Improvement
(Scy)
-270 26,000 40 $65.00 $3.90 $5.00
-260 7,500 30 $65.00 $3.90 $5.00
-245 11,200 0 15 $65.00 $3.90 $5.00
Totals 44,700
Total Costs
Cofferdam
Seaﬂqor Length Assumed Dam Height
Elevation (lineal feet) Overex Depth| ., (feet)
(ft MSL) (feet) Sheet Piles Backfill Ground
Improvement
-270 26,000 0 40 $280,540,000 $9,918,081 $26,384,638
-260 7,500 30 $68,970,170 $1,839,205 $5,559,950
-245 11,200 15 $80,080,000 $1,092,000 $5,133,333
Totals 44,700 $429,590,170 $12,849,285 $37,077,921
TOTAL CONSTRUCTION COSTS  $479,517,377
Notes: MOBILIZATION (5% of earthwork) $23,975,869
a. Assumes Sea level of -235 feet MSL. UNLISTED ITEMS 10% $47,951,738
b. Assumes 5 feet of freeboard. CONTRACT COST  $551,444,983
CONTINGENCIES 25%  $137,861,246
FIELD COST  $689,306,229
NONCONTRACT COSTS 30%  $206,791,869
TOTAL PROJECT COST  $896,098,098
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For Sea Level
at -240 Feet MSL
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Table C-13.

Appraisal Level Cost Estimate - Mid-Sea Seismic Dike with Sea at -240 ft MSL
Salton Sea Restoration Project

Quantities per lineal foot of Dam
Seafloor Maximum | Assumed Soft| | emum Seismic Dike
Elevation (Iirl;::ﬂ‘tehet) Overex Depth | Soils Depth He?ar:? ab . Compacted ) Cofferdam
(ft MSL) (feet) (feet) o) 02/;% Fill ¢ R('gy';;p (IF1)
(cyl/If)
-270 26,000 25 40 60 546 696 11 1
-260 7,500 15 35 40 267 378 11 1
-245 9,900 5 25 15 47 76 11 1
Totals 43,400
Total Quantities
Seaflqor Length Assumed Assymed Soft I?am . Seismic Dike
Elevation (lineal feet) Overex Depth | Soils Depth Height . Compacted _ Cofferdam
(ft MSL) (feet) (feet) (feet) Overex Eil 4 Rip Rap (ft)
(c) ) ()
-270 26,000 25 40 60 14,203,704 18,091,667 288,889 26,000
-260 7,500 15 35 40 2,000,000 2,837,083 83,333 7,500
-245 9,900 5 25 15 467,500 752,400 110,000 9,900
Totals 43,400 16,671,204 21,681,150 482,222 43,400
Unit Costs
Seaflo_or Length Assumed Assymed Soft Pam ) Seismic Dike
Elevation (lineal feet) Overex Depth | Soils Depth Height * i Compacted . Cofferdam
(ft MSL) (feet) (feet) (feet) Overex Fill & Rip Rap ($/ft)
($/cy) ($/cy) ($/cy)
-270 26,000 25 40 60 $6.00 $6.70 $8.00 $11,230.23
-260 7,500 15 35 40 $6.00 $6.70 $8.00 $11,230.23
-245 9,900 5 25 15 $6.00 $6.70 $8.00 $11,230.23
Totals 43,400
Total Costs
Seaflqor Length Assumed Assymed Soft I?am . Seismic Dike
Elevation (lineal feet) Overex Depth| Soils Depth Height * Compacted Coffordam
(ft MSL) (feet) (feet) (feet) Overex © Fiﬁ " Rip Rap
-270 26,000 25 40 60 $85,222,222 $121,214,167 $2,311,111 $291,985,909
-260 7,500 15 35 40 $12,000,000 $19,008,458 $666,667 $84,226,705
-245 9,900 5 25 15 $2,805,000 $5,041,080 $880,000 $111,179,250
Totals 43,400 $100,027,222 $145,263,705 $3,857,778 $487,391,864
TOTAL CONSTRUCTION COSTS $736,540,569
Notes: MOBILIZATION 5% $36,827,028
a. Assumes Sea level of -240 feet MSL. UNLISTED ITEMS 10% $73,654,057
b. Assumes 5 feet of freeboard. CONTRACT COST $847,021,654
c. Assumes 10 feet max overexcavation under crest. CONTINGENCIES 25% $211,755,413
d. Assumes 6 :1 average slope inclination (7:1 dnstrm, 5:1 upstrm). FIELD COST  $1,058,777,067
e. Includes 6% compression (average) of soft sediments remaining. NONCONTRACT COSTS 30% $317,633,120
TOTAL PROJECT COST  $1,376,410,188
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Table C-14.
Appraisal Level Cost Estimate - Mid-Sea DSM Cellular Cofferdam with Sea at -240 ft MSL
Salton Sea Restoration Project

Quantities per lineal foot of Dam
Seafloor Assumed | pam Cofferdam
Elevation | . Length Overex Height ° Web Ground
(ft MSL) (lineal feet) Dfepth (feet) Sheet Piles ¢ | Width Height Spacing © Backfill Impr(r)c\)/i?nent
(feet) (sq ft/If) (feet) | (feet) FZ feet)g (cy/If) (ey/i
-270 26,000 35 312 62 78 31 80 179
-260 7,500 25 266 53 66 27 49 131
-245 9,900 10 220 45 55 23 17 92
Totals 43,400
Total Quantities
Seafloor Assumed Dam Cofferdam
Elevation (Ii#:;%z]et) %\;ertehx Height *° _ _ Ground
(ft MSL) (ert) (feet) Sh((ase(;( fT)'IeS B?g;; i Improvement
(cy)
-270 26,000 35 8,112,000 2,091,162 4,660,303
-260 7,500 25 1,994,318 369,318 982,051
-245 9,900 10 2,178,000 165,000 907,500
Totals 43,400 12,284,318 2,625,480 6,549,854
Unit Costs
Seafloor Assumed | pam Cofferdam
Elevation . Length Overex Height *° S g
(ft MSL) (lineal feet) [()fzztr)] (feet) Sheet Piles Backiill Impr(r)c\)/i?nent
($/sq ft) ($/cy) ($cy)
-270 26,000 35 $26.00 $3.90 $55.00
-260 7,500 25 $26.00 $3.90 $55.00|
-245 9,900 10 $26.00 $3.90 $55.00
Totals 43,400
Total Costs
Seafloor Assumed Dam Cofferdam
Elevation . Length Overex Height ab
(emsy) | (ineal feet E’;Zi')‘ (feet) | Sheet Piles Backfil Ground
Improvement
-270 26,000 35 $210,912,000 $8,155,530( $256,316,667
-260 7,500 25 $51,852,273 $1,440,341 $54,012,784
-245 9,900 10 $56,628,000 $643,500 $49,912,500
Totals 43,400 $319,392,273 $10,239,371] $360,241,951
TOTAL CONSTRUCTION COSTS  $689,873,595
Notes: MOBILIZATION (5% of earthwork) $34,493,680
a. Assumes Sea level of -240 feet MSL. UNLISTED ITEMS 10% $68,987,359
b. Assumes 5 feet of freeboard. CONTRACT COST  $793,354,634
c. Assumes sheet pile web spacing equal to half of cell width. CONTINGENCIES 25%  $198,338,658
FIELD COST  $991,693,292
NONCONTRACT COSTS 30%  $297,507,988
TOTAL PROJECT COST $1,289,201,280
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Table C-15.

Appraisal Level Cost Estimate - Mid-Sea Zoned Rockfill Dam with Sea at -240 ft MSL
Salton Sea Restoration Project

Quantities per lineal foot of Dike
;eaﬂ?or Length 5 Assunl"l:)ed i B?mezlb Rock Dike with Dredged Fill
(f?l(/?sllc_);] (lineal feet) vel;?:et)ept H?}ggt) Overex Rock Fill ¢¢ Hydraulic Fill Riprap Impﬁ;?/zr;?e nt
(cy/If) (cy/If) (cy/ft) (cy/If) (cy/f)
-270 26,000 25 60 548 664 57 11 57
-260 7,500 15 40 248 330 55 11 55
-245 9,900 5 15 31 53 20 11 20
Totals 43,400
Total Quantities
Seaflgor Length Assumed Bérrie:b o §
E(}te‘,(fg'f;‘ (lineal feet) OVef(?:e?)ePth H?;gg) : Overex Rock Fill Hydraulic Fill | Riprap ,mpr;‘\’,i;em
(cy) (cy) (cy) (cy) (cy)
-270 26,000 25 60 14,239,815 17,270,500 1,480,556 288,889 1,480,556
-260 7,500 15 40 1,857,639 2,475,208 413,194 83,333 413,194
-245 9,900 5 15 311,667 529,467 201,667 110,000 201,667
Totals 43,400 16,409,120 20,275,175 2,095,417 482,222 2,095,417
Unit Costs
Seaflgor Length Assumed B?rriezb . - . Ground
%?K/?glc_,;] (lineal feet) Ove??:el?)epth H%igg:) ' Overex Rock Fill Hydraulic Fill Riprap Improvement
($/cy) ($/cy) ($/cy) ($/cy) ($cy)
-270 26,000 25 60 $2.90 $7.53 $3.90 $8.00 $5.00
-260 7,500 15 40 $2.90 $7.53 $3.90 $8.00 $5.00||
-245 9,900 5 15 $2.90 $7.53 $3.90 $8.00 $5.00
Totals 43,400
Total Costs
Seafloor Assumed Barrier
Elevation Length 1 o erex Depth | Height ®° ) o ) Ground
(ft MSL) (lineal feet) (feet) (feet) Overex Rock Fill Hydraulic Fill Riprap Improvement
-270 26,000 25 60 $41,295,463 $130,046,865 $5,774,167 $2,311,111 $7,402,778
-260 7,500 15 40 $5,387,153 $18,638,319 $1,611,458 $666,667 $2,065,972
-245 9,900 5 15 $903,833 $3,986,884 $786,500 $880,000 $1,008,333
Totals 43,400 $47,586,449 $152,672,068 $8,172,125 $3,857,778 $10,477,083||
TOTAL CONSTRUCTION COSTS  $222,765,503
Notes: MOBILIZATION (5% of construction costs) $11,138,275
a. Assumes Sea level of -240 feet MSL. UNLISTED ITEMS @ 10% $22,276,550
b. Assumes 5 feet of freeboard. CONTRACT COST $256,180,328-
c. Assumes 6 :1 average slope inclination (7:1 dnstrm, 5:1 upstream) CONTINGENCIES @ 25% $64,045,082
d. Includes 6% compression (average) of soft sediments remaining. FIELD COST $320,225,410
NONCONTRACT COSTS @ 30% $96,067,623

TOTAL PROJECT COST  $41 6,293,034"
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Appraisal Level Cost Estimate - Mid-Sea Blanketed Rockfill Dam with Sea at -240 ft MSL

Table C-16.

Salton Sea Restoration Project

Quantities per lineal foot of Dam
Eﬁ:iggg; .Length Assumed Overex Assumed Soft Dam Height ° Blanket;d ROC:ﬂ” Ll
(ft MSL) (lineal feet) | Depth (feet) Soils Depth (feet) (feet) Overex ° R‘;r:kpie Rip Rap
(cyl/If) (cy/lf) (cy/If)
-270 26,000 25 40 60 507 643 10
-260 7,500 15 35 40 248 350 10
-245 9,900 5 25 15 44 71 10
Totals 43,400
Total Quantities
Eslgizfc)ig:] ‘Length | Assumed Overex | Assumed Soft Dam Height *° Blanket;d Rocl;ﬂll Ll
(ft MSL) (lineal feet) |  Depth (feet) Soils Depth (feet) (feet) Overex © R‘(’)’;‘Eie Rip Rap
() o) ()
-270 26,000 25 40 60 13,192,593 16,713,667 264,815
-260 7,500 15 35 40 1,861,111 2,627,639 76,389
-245 9,900 5 25 15 440,000 704,550 100,833
Totals 43,400 15,493,704 20,045,856 442,037
Unit Costs
Eﬁ:iggg; .Length Assumed Overex Assumed Soft Dam Height ° Blanket;d ROC:ﬂ” Ll
(ft MSL) (lineal feet) | Depth (feet) Soils Depth (feet) (feet) Overex ° R‘;r:kpie Rip Rap
($/cy) ($/cy) ($/cy)
-270 26,000 25 40 60 $2.90 $7.53 $8.00
-260 7,500 15 35 40 $2.90 $7.53 $8.00
-245 9,900 5 25 15 $2.90 $7.53 $8.00
Totals 43,400
Total Costs
Eslgizfc)ig:] ‘Length | Assumed Overex | Assumed Soft Dam Height *° D anketed Rool Dem
(ft MSL) (lineal feet) Depth (feet) Soils Depth (feet) (feet) Overex ® Dumped Rip Rap
Rock ¢
-270 26,000 25 40 60 $38,258,519 $125,853,910 $2,118,519
-260 7,500 15 35 40 $5,397,222 $19,786,121 $611,111
-245 9,900 5 25 15 $1,276,000 $5,305,262 $806,667
Totals 43,400 $44,931,741 $150,945,292 $3,536,296
TOTAL CONSTRUCTION COSTS $199,413,329
Notes: MOBILIZATION (5% of earthwork) $9,970,666
a. Assumes Sea level of -240 feet MSL. UNLISTED ITEMS 10% $19,941,333
b. Assumes 5 feet of freeboard. CONTRACT COST $229,325,329
c. Assumes 10 feet max overexcavation under crest. CONTINGENCIES 25% $57,331,332
d. Assumes 5.5 :1 average slope inclination (7:1 dnstrm, 4:1 upstrm). FIELD COST $286,656,661
e. Includes 6% compression of avg of soft sediments remaining. = NONCONTRACT COSTS 30% $85,996,998
TOTAL PROJECT COST $372,653,659
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Table C-17.

Appraisal Level Cost Estimate - Mid-Sea Precast Concrete Caisson Dam with Sea at -240 ft MSL

Salton Sea Restoration Project

Unit Costs
Seafloor . .
Elevation i Lenlgfth Copstruct Dry Dock Place Caissons M|sce||ar_1eous Dredging Total Costs
(ft MSL) (lineal feet) Caissons ($/1f) ($/1) Operations Allowance ($/1f)
($/1f) ($/1f) ($/1f)
43,400 $ 10,486 | $ 177 1% 674 | $ 1,179 | $ 711$ 12,586
Total Costs
Seafloor
Elevation Length Construct Miscellaneous Dredging
(ft MSL) (lineal feet) Caissons Dry Dock Place Caissons Operations Allowance Total Costs
43,400| $455,078,591 $7,693,636 $29,235,818 $51,162,682 $3,077,455| $ 546,248,182
TOTAL CONSTRUCTION COSTS $546,248,182
Notes: MOBILIZATION 5% $27,312,409
a. Assumes Sea level of -240 feet MSL. UNLISTED ITEMS 10% $54,624,818|
b. Assumes 5 feet of freeboard. CONTRACT COST $628,185,409
c. Assumes 70' 0.d. caissons at 72' center-to-center spacing CONTINGENCIES 25% $157,046,352
d. Assumes 2' gap closed with sheetpile FIELD COST $785,231,761
NONCONTRACT COSTS 30% $235,569,528

TOTAL PROJECT COST $1,020,801,290|
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Table C-18.
Appraisal Level Cost Estimate - Concrete Sheetpile Cofferdam with Sea at -240 ft MSL
Salton Sea Restoration Project

Quantities per lineal foot of Dam

Cofferdam
Seaflo_or Length Assumed Dam Height
Elevation lineal f Overex Depth| Ground
@tmsr) | (inealfeet) (feet) (feet) | Sheet Piles®| Width | Height |  Backiil
sqftf)y | (feet) | (feet) (cy/if) Improvement
q (cy/lf)
-270 26,000 35 156 62 78 80 179
-260 7,500 25 133 53 66 49 131
-245 9,900 0 10 110 45 55 17 92
Totals 43,400
Total Quantities
Cofferdam
Seaflqor Length Assumed Dam Height
Elevation lineal feet Overex Depth| ., Ground
(fimsy) | (linealfeet) (feet) (feet) | Sheet Piles Backfil
(sq ft) (cy) Improvement
(cy)
-270 26,000 0 35 4,056,000 2,091,162 4,660,303
-260 7,500 25 997,159 369,318 982,051
-245 9,900 10 1,089,000 165,000 907,500
Totals 43,400 6,142,159 2,625,480 6,549,854
Unit Costs
Cofferdam
Seaflo_or Length Assumed Dam Height
Elevation lineal f Overex Depth| Ground
(ft MSL) (lineal feet) (feet) (feet) Sheet Piles Backfill
($/sq ft) ($/cy) Improvement
($cy)
-270 26,000 35 $65.00 $3.90 $5.00
-260 7,500 25 $65.00 $3.90 $5.00
-245 9,900 0 10 $65.00 $3.90 $5.00
Totals 43,400
Total Costs
Cofferdam
Seaflqor Length Assumed | o, Height
Elevation (lineal feet) Overex Depth| (feet)
(ft MSL) (feet) Sheet Piles Backil Ground
Improvement
-270 26,000 0 35 $263,640,000 $8,155,530 $23,301,515
-260 7,500 25 $64,815,341 $1,440,341 $4,910,253
-245 9,900 10 $70,785,000 $643,500 $4,537,500
Totals 43,400 $399,240,341 $10,239,371 $32,749,268
TOTAL CONSTRUCTION COSTS $442,228,980
Notes: MOBILIZATION (5% of earthwork) $22,111,449
a. Assumes Sea level of -240 feet MSL. UNLISTED ITEMS 10% $44,222,898
b. Assumes 5 feet of freeboard. CONTRACT COST  $508,563,327
CONTINGENCIES 25%  $127,140,832
FIELD COST  $635,704,159
NONCONTRACT COSTS 30%  $190,711,248

TOTAL PROJECT COST

$826,415,407
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Table C-19.

Appraisal Level Cost Estimate - Mid-Sea Rockfill Dam with Slurry Wall
Salton Sea Restoration Project

Quantities per lineal foot of Dam
Eslzszf()ig; . Length [ Assumed Overex Assumed Soft Dam Height *° DBIankectled Rock Dam
(ftMSL) (lineal feet)| Depth (feet) Soils Depth (feet) (feet) Overex ° R‘(’;‘fie Rip Rap Slurry Wall
(cy/If) (cy/If (cy/If) (sq ft/If)
-270 26,000 25 40 70 579 894 10 90
-260 7,500 15 35 50 299 540 10 70
-245 12,100 5 25 25 65 169 10 45
Totals 45,600
Total Quantities
ESI(:ZES; ‘Length | Assumed Overex | Assumed Soft Dam Height *° DBIanke;ed Roc oem
(ft MSL) (lineal feet) | Depth (feet) Soils Depth (feet) (feet) Overex © R‘;r:f‘ze Rip Rap Slurry Wall
(cy) (cy) (cy) (sq ft/lf)
-270 26,000 25 40 70 15,046,296 23,236,296 264,815 2,340,000
-260 7,500 15 35 50 2,243,056 4,050,833 76,389 525,000"
-245 12,100 5 25 25 784,259 2,040,643 123,241 544,500"
Totals 45,600 18,073,611 29,327,772 464,444 3,409,500
Unit Costs
Eslzszf()ig; . Length [ Assumed Overex Assumed Soft Dam Height *° DBIankectled Rock Dam
(ft MSL) (lineal feet) |  Depth (feet) Soils Depth (feet) (feet) Overex © R‘;r;‘fie Rip Rap Slurry Wall
($/cy) ($/cy) ($/cy) ($/sq ft)
-270 26,000 25 40 70 $2.90 $7.53 $8.00 $12.00
-260 7,500 15 35 50 $2.90 $7.53 $8.00 $12.00|
-245 12,100 5 25 25 $2.90 $7.53 $8.00 $12.00
Totals 45,600
Total Costs
ESI(:]:ESL ‘Length | Assumed Overex | Assumed Soft Dam Height *° Slanketod Rockill bam
(lineal feet) Depth (feet) Soils Depth (feet) (feet) Dumped
(ft MSL) Overex © Rocfd,e Rip Rap Slurry Wall
-270 26,000 25 40 70 $43,634,259 $174,969,311 $2,118,519 $28,080,000
-260 7,500 15 35 50 $6,504,861 $30,502,775 $611,111 $6,300,000||
-245 12,100 5 25 25 $2,274,352 $15,366,039 $985,926 $6,534,000||
Totals 45,600 $52,413,472 $220,838,125 $3,715,556 $40,914,000
TOTAL CONSTRUCTION COSTS $317,881,153
Notes: MOBILIZATION (5% of earthwork)  $15,894,058
a. Assumes Sea level of -230 feet MSL. UNLISTED ITEMS 10%  $31,788,115
b. Assumes 5 feet of freeboard. CONTRACT COST $365,563,326
c. Assumes 10 feet max overexcavation under crest. CONTINGENCIES 25%  $91,390,831
d. Assumes 55 :1 average slope inclination (7:1 dnstrm, 4:1 upstrm). FIELD COST $456,954,157
e. Includes 6% compression of avg of soft sediments remaining. NONCONTRACT COSTS 30% $137,086,247
TOTAL PROJECT COST $594,040,404

CDM Appendix Tables; C-19 (5/5/2004; 3:08 PM)



Table C-20.

Appraisal Level Cost Estimate - Mid-Sea Rockfill Dam with Slurry Wall
Salton Sea Restoration Project

Quantities per lineal foot of Dam
Eslzszf()ig; . Length [ Assumed Overex Assumed Soft Dam Height *° DBIankectled Rock Dam
(ftMSL) (lineal feet)| Depth (feet) Soils Depth (feet) (feet) Overex ° R‘(’;‘fie Rip Rap Slurry Wall
(cy/If) (cy/If (cy/If) (sq ft/If)
-270 26,000 25 40 65 543 763 10 85
-260 7,500 15 35 45 274 440 10 65
-245 11,200 5 25 20 55 115 10 40
Totals 44,700
Total Quantities
ESI(:ZES; ‘Length | Assumed Overex | Assumed Soft Dam Height *° DBIanke;ed Roc oem
(ft MSL) (lineal feet) | Depth (feet) Soils Depth (feet) (feet) Overex © R‘;r:f‘ze Rip Rap Slurry Wall
(cy) (cy) (cy) (sq ft/lf)
-270 26,000 25 40 65 14,119,444 19,842,574 264,815 2,210,000
-260 7,500 15 35 45 2,052,083 3,301,042 76,389 487,500"
-245 11,200 5 25 20 611,852 1,285,926 114,074 448,000"
Totals 44,700 16,783,380 24,429,542 455,278 3,145,500
Unit Costs
Eslzszf()ig; . Length | Assumed Overex Assumed Soft Dam Height *° DBIankectled Rockfl Dam
(ft MSL) (lineal feet) |  Depth (feet) Soils Depth (feet) (feet) Overex © R‘;r;‘fie Rip Rap Slurry Wall
($/cy) ($/cy) ($/cy) ($/sq ft)
-270 26,000 25 40 65 $2.90 $7.53 $8.00 $12.00
-260 7,500 15 35 45 $2.90 $7.53 $8.00 $12.00|
-245 11,200 5 25 20 $2.90 $7.53 $8.00 $12.00
Totals 44,700
Total Costs
ESI(:]:ESL ‘Length | Assumed Overex | Assumed Soft Dam Height *° Slanketod Rockill bam
(lineal feet) Depth (feet) Soils Depth (feet) (feet) Dumped
(R MSL) Overex ° Roclfd’e Rip Rap Slurry Wall
-270 26,000 25 40 65 $40,946,389 $149,414,583 $2,118,519 $26,520,000
-260 7,500 15 35 45 $5,951,042 $24,856,844 $611,111]  $5,850,000|
-245 11,200 5 25 20 $1,774,370 $9,683,022 $912,593 $5,376,000||
Totals 44,700 $48,671,801 $183,954,449 $3,642,222 $37,746,000
TOTAL CONSTRUCTION COSTS  $274,014,472
Notes: MOBILIZATION (5% of earthwork)  $13,700,724
a. Assumes Sea level of -235 feet MSL. UNLISTED ITEMS 10%  $27,401,447
b. Assumes 5 feet of freeboard. CONTRACT COST $315,116,643
c. Assumes 10 feet max overexcavation under crest. CONTINGENCIES 25%  $78,779,161
d. Assumes 5.5 :1 average slope inclination (7:1 dnstrm, 4:1 upstrm). FIELD COST $393,895,803
e. Includes 6% compression of avg of soft sediments remaining. NONCONTRACT COSTS 30% $118,168,741
TOTAL PROJECT COST $512,064,544

CDM Appendix Tables; C-20 (5/5/2004; 3:09 PM)



Table C-21.

Appraisal Level Cost Estimate - Mid-Sea Rockfill Dam with Slurry Wall
Salton Sea Restoration Project

Quantities per lineal foot of Dam
Eslzszf()ig; . Length [ Assumed Overex Assumed Soft Dam Height *° DBIankectled Rock Dam
(ftMSL) (lineal feet)| Depth (feet) Soils Depth (feet) (feet) Overex ° R‘(’;‘fie Rip Rap Slurry Wall
(cy/If) (cy/If (cy/If) (sq ft/If)
-270 26,000 25 40 60 507 643 10 80
-260 7,500 15 35 40 248 350 10 60
-245 9,900 5 25 15 44 71 10 35
Totals 43,400
Total Quantities
ESI(:ZES; ‘Length | Assumed Overex | Assumed Soft Dam Height *° DBIanke;ed Roc oem
(ft MSL) (lineal feet) | Depth (feet) Soils Depth (feet) (feet) Overex © R‘;r:f‘ze Rip Rap Slurry Wall
(cy) (cy) (cy) (sq ft/If)
-270 26,000 25 40 60 13,192,593 16,713,667 264,815 2,080,000
-260 7,500 15 35 40 1,861,111 2,627,639 76,389 450,000"
-245 9,900 5 25 15 440,000 704,550 100,833 346,500"
Totals 43,400 15,493,704 20,045,856 442,037 2,876,500
Unit Costs
Eslzszf()ig; . Length [ Assumed Overex Assumed Soft Dam Height *° DBIankectled Rock Dam
(ft MSL) (lineal feet) |  Depth (feet) Soils Depth (feet) (feet) Overex © R‘;r;‘fie Rip Rap Slurry Wall
($/cy) ($/cy) ($/cy) ($/sq ft)
-270 26,000 25 40 60 $2.90 $7.53 $8.00 $12.00
-260 7,500 15 35 40 $2.90 $7.53 $8.00 $12.00|
-245 9,900 5 25 15 $2.90 $7.53 $8.00 $12.00
Totals 43,400
Total Costs
ESI(:]:ESL ‘Length | Assumed Overex | Assumed Soft Dam Height *° e R e
(lineal feet) Depth (feet) Soils Depth (feet) (feet) Dumped
(ft MSL) Overex © Rocfd,e Rip Rap Slurry Wall
-270 26,000 25 40 60 $38,258,519 $125,853,910 $2,118,519  $24,960,000
-260 7,500 15 35 40 $5,397,222 $19,786,121 $611,111]  $5,400,000|
-245 9,900 5 25 15 $1,276,000 $5,305,262 $806,667 $4.1 58,000"
Totals 43,400 $44,931,741 $150,945,292 $3,536,296 $34,51 8,000"
TOTAL CONSTRUCTION COSTS  $233,931,329
Notes: MOBILIZATION (5% of earthwork)  $11,696,566
a. Assumes Sea level of -240 feet MSL. UNLISTED ITEMS 10%  $23,393,133
b. Assumes 5 feet of freeboard. CONTRACT COST  $269,021,029
c. Assumes 10 feet max overexcavation under crest. CONTINGENCIES 25%  $67,255,257
d. Assumes 5.5 :1 average slope inclination (7:1 dnstrm, 4:1 upstrm). FIELD COST $336,276,286
e. Includes 6% compression of avg of soft sediments remaining. NONCONTRACT COSTS 30% $100,882,886
TOTAL PROJECT COST $437,159,172
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Table D-1.

Appraisal Level Cost Estimate - Mid-Sea Dumped Fill Dike
Salton Sea Restoration Project

Quantities per lineal foot of Barrier
stg?ig; . Length Assumed Overex Assumed Soft Barrier Height ®° Dum;)ed F|I;D|ke SlnEIeenCtl:]l\f/ert
(ft MSL) (lineal feet) Depth (feet) Soils Depth (feet) (feet) Overex © ;Tge Rip Rap (fegt)
(cy/If) (cy/) (cy/If)
-270 26,000 10 40 38 142 271
-260 7,500 10 35 28 113 157 198
-245 8,200 5 25 8 26 21
Totals 41,700
Total Quantities
ESI(:]:ESL . Length Assumed Overex A_ssumed Soft Barrier Height ap DumE;))ed F|ILD|ke Total Culvert
(ft MSL) (lineal feet) Depth (feet) Soils Depth (feet) (feet) Overex © ::53 Rip Rap Length 9
(cy) () () (feet)
-270 26,000 10 40 38 3,697,778 7,045,807 192,593
-260 7,500 10 35 28 844,444 1,175,000 55,556 1,980
-245 8,200 5 25 8 211,074 173,476 60,741
Totals 41,700 4,753,296 8,394,283 308,889 1,980
Unit Costs
Eslzszf()ig:w . Length Assumed Overex Assumed Soft Barrier Height ®° Dum;ed FII;DIke Culverts
('t MSL) (lineal feet) Depth (feet) Soils Depth (feet) (feet) Overex ° ::55 Rip Rap s/
($/cy) ($/cy) ($/cy)
-270 26,000 10 40 38 $2.90 $5.16 $8.00
-260 7,500 10 35 28 $2.90 $5.16 $8.00 $925
-245 8,200 5 25 8 $2.90 $5.16 $8.00
Totals 41,700
Total Costs
ESI(:ZES; . Length Assumed Overex A_ssumed Soft Barrier Height ®° Sumped Pl ke
(lineal feet) Depth (feet) Soils Depth (feet) (feet) Dumped Culverts
(R MSL) Overex °© il f,e Rip Rap
-270 26,000 10 40 38 $10,723,556 $36,356,366 $1,540,741
-260 7,500 10 35 28 $2,448,889 $6,063,000 $444,444 $1,831,500
-245 8,200 5 25 8 $612,115 $895,134 $485,926
Totals 41,700 $13,784,559 $43,314,500 $2,471,111 $1,831,500
TOTAL CONSTRUCTION COSTS $61,401,670
Notes: MOBILIZATION (5% of earthwork) $3,070,084
a. Assumes Sea level of -247 feet MSL. UNLISTED ITEMS 10% $6,140,167
b. Assumes 5 feet of freeboard. CONTRACT COST $70,611,921
c. Assumes 10 feet max overexcavation under crest. CONTINGENCIES 25% $17,652,980
d. Assumes 4 :1 slope inclination. FIELD COST $88,264,901
e. Includes 4% compression of avg of soft sediments remaining. NONCONTRACT COSTS 30% $26,479,470
f. Assumes culvert elevation of -263 feet MSL. TOTAL PROJECT COST $114,744,372
g. Assumes 10 culverts.
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Salton Sea Restoration Project

Table D-2.
Appraisal Level Cost Estimate - Mid-Sea Rock Dike with Dredged Fill

Quantities per lineal foot of Dike
Szjzggr: _Length o\giZirgzc:)th Barrier Rock Dike with Dredged Fill f;:w;nc
(ftMsL) (lineal feet) (feet) Height ** (feet) Overex Q;:(:LYF?:JP Hydraulic Fill Riprap Im;?r(r)?/irr]:ent (fe%t)
(cy/If) (cy/f) (cy/ft) (cy/If) (cy/lf)
-270 26,000 10 38 155 299 19 7 19
-260 7,500 10 28 114 156 23 7 23 233
-245 8,200 5 8 26 17 5 7 5
Totals 41,700
Total Quantities
Seafloor Assumed :
E&f‘ﬁé’ﬁ;‘ (Iirl;:z;%t:et) Ovezié‘egepth Heig?w?::’e(:‘eet) Overex Q;zrcrli' FRiIlIm Hydraulic Fill Riprap Im;;‘\’/‘;r:en . TOEZ'HESJ‘QS"
(cy) (cy) (cy) (cy) (cy) (feet)
-270 26,000 10 38 4,025,185 7,775,733 485,333 192,593 485,333
-260 7,500 10 28 855,556 1,169,722 173,333 55,556 173,333 2,330
-245 8,200 5 8 209,556 141,283 36,900 60,741 36,900
Totals 41,700 5,090,296 9,086,739 695,567 308,889 695,567 2,330
Unit Costs
Seafloor Assumed :
E(;e\’(/?éiﬁ? (Iirl;:z;gftehet) Ove;(fe;(eli))epth Heig?w?::’e(:‘eet) Overex QI:?)::IZ FRlllIJ n Hydraulic Fill Riprap Im;?r(r)?/irr]:ent Culverts
(Srcy) ($/cy) (S/cy) ($/cy) ($cy) (8/t)
-270 26,000 10 38 $2.90 $7.53 $3.90 $8.00 $5.00
-260 7,500 10 28 $2.90 $7.53 $3.90 $8.00 $5.00 $1,560
-245 8,200 5 8 $2.90 $7.53 $3.90 $8.00 $5.00
Totals 41,700
Total Costs
I;ngggr: Length OvAeerirBZith Barrier Quarry R G d
(ft MSL) (lineal feet) (feet)  |Heiant® (feet)  Overex Rock il | Hydrauic Fil Riprap lmpr;‘?/‘;'r‘nem Culverts
-270 26,000 10 38 $11,673,037| $58,551,272 $1,892,800 $1,540,741 $2,426,667
-260 7,500 10 28 $2,481,111 $8,808,008 $676,000 $444,444 $866,667 $3,634,800
-245 8,200 5 8 $607,711 $1,063,861 $143,910 $485,926 $184,500
Totals 41,700 $14,761,859|  $68,423,141 $2,712,710 $2,471,111 $3,477,833 $3,634,800
TOTAL CONSTRUCTION COSTS|  $95,481,455
Notes: MOBILIZATION (5% of construction costs)| $4,774,073]
a. Assumes Sea level of -247 feet MSL. UNLISTED ITEMS @ 10% $9,548,145]
b. Assumes 5 feet of freeboard. CONTRACT COST| $109,803,673]
c. Assumes culvert elevation of -263 feet MSL. CONTINGENCIES @ 25% $27,450,918
d. Assumes 10 culverts. FIELD COST| $137,254,591
e. Assumes average slope inclination of 4 1 (hiv) NONCONTRACT COSTS @ 30% $41,176,377|
f. Includes 4% avg of soft sediments remaining. TOTAL PROJECT COST $178,430,969
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Table D-3.
Appraisal Level Cost Estimate - Mid-Sea DSM Cellular Cofferdam Barrier
Salton Sea Restoration Project

Quantities per lineal foot of Dam
Seafloor Assumed | pam Cofferdam
Elevation | . Lenlgfth %verehx Height ° Web Ground
(ft MSL) (lineal feet) (fzzt) (feet) | SheetPiles®| Width | Height Spacing Backiill Improvement
(sq ft/If) (feet) (feet) (feet) (cy/If) (cy/)
-270 26,000 0 28 252 50 63 25 52 117
-260 7,500 0 18 252 50 63 25 33 117
-245 8,200 0 3 220 45 55 23 5 92
Totals 41,700
Total Quantities
Seafloor Assumed Dam Cofferdam
Elevation | Length Overex Height #° A g
(ftmsL) |(linealfeet)]  Depth (fect) | SheetPiles Backfil | roun t
(oot safy o) | Imerovemer
-270 26,000 0 28 6,552,000 1,348,148 3,033,333
-260 7,500 0 18 1,890,000 250,000 875,000
-245 8,200 0 3 1,804,000 41,000 751,667
Totals 41,700 10,246,000 1,639,148 4,660,000
Unit Costs
Seafloor Assumed | pam Cofferdam
Elevation | Length Overex Height *° s g
(ft MSL) (lineal feet) [()f:z?)] (feet) Sheet Piles Backfil Impr:)(\)/l;rr]nent
($/sq ft) ($/cy) ($cy)
-270 26,000 0 28 $26.00 $3.90 $55.00
-260 7,500 0 18 $26.00 $3.90 $55.00]
-245 8,200 0 3 $26.00 $3.90 $55.00
Totals 41,700
Total Costs
Seafloor Assumed Dam Cofferdam
Elevation | Length Overex Height ab
(femsL) | (inealfeet %‘:Zﬁ;} (feet) | Sheet Piles Backfil Ground
Improvement
-270 26,000 0 28 $170,352,000 $5,257,778| $166,833,333
-260 7,500 0 18 $49,140,000 $975,000 $48,125,000
-245 8,200 0 3 $46,904,000 $159,900 $41,341,667
Totals 41,700 $266,396,000 $6,392,678| $256,300,000
TOTAL CONSTRUCTION COSTS  $529,088,678
Notes: MOBILIZATION (5% of earthwork) $26,454,434
a. Assumes Sea level of -247 feet MSL. UNLISTED ITEMS 10% $52,908,868
b. Assumes 5 feet of freeboard. CONTRACT COST  $608,451,979
c. Assumes sheet pile web spacing equal to half of cell width. CONTINGENCIES 25%  $152,112,995
FIELD COST  $760,564,974
NONCONTRACT COSTS 30%  $228,169,492
TOTAL PROJECT COST  $988,734,467
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Table D-4.
Appraisal Level Cost Estimate - Mid-Sea Precast Concrete Caisson Barrier
Salton Sea Restoration Project

Unit Costs
Seafloor . .
Elevation i Lenﬁ(th Copstruct Dry Dock Place Caissons M|sce||ar_1eous Dredging Total Costs
(ft MSL) (lineal feet) Caissons ($/1f) ($/1) Operations Allowance ($/1f)
($/1f) ($/1f) ($/1f)
41,700 $ 8,450 | $ 150 | $ 550 [ $ 950 | $ 100 | $ 10,200
Total Costs
Seafloor
Elevation Length Construct Miscellaneous Dredging
(ft MSL) (lineal feet) Caissons Dry Dock Place Caissons Operations Allowance Total Costs
41,700] $352,365,000 $6,255,000 $22,935,000 $39,615,000 $4,170,000{ $ 425,340,000
TOTAL CONSTRUCTION COSTS $425,340,000
Notes: MOBILIZATION 5% $21,267,000
a. Assumes Sea level of -247 feet MSL. UNLISTED ITEMS 10% $42,534,000
b. Assume 5 feet of freeboard. CONTRACT COST $489,141,000
c. Assumes 50' 0.d. caissons at 52' center-to-center spacing CONTINGENCIES 25% $122,285,250
d. Assumes 2' gap closed with sheetpile FIELD COST $611,426,250
NONCONTRACT COSTS 30% $183,427,875

TOTAL PROJECT COST

$794,854,125)
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Table D-5.
Appraisal Level Cost Estimate - Mid-Sea Concrete Sheetpile Cofferdam Barrier
Salton Sea Restoration Project

Quantities per lineal foot of Barrier
Seafloor Assumed Barrier Cofferdam
Elevation (ft (Iirl;:glg:‘tehet) Overex Height 2° . . . Ground
MSL) Depth (feet) (feet) Sheet Piles | Width Height Backiill Improvement
(sq ft/If) (feet) (feet) (cy/If) (cy/If)
-270 26,000 0 28 126 50 63 52 117
-260 7,500 0 18 126 50 63 33 117
-245 8,200 0 3 110 45 55 5 92
Totals 41,700
Total Quantities
EISeaI!oor ] Length Aésumed B.arrie:’b Cofferdam
eK/?sIE; | (ineal feet Dep;Ihe E?;et) H‘?#SZB Sheet Piles Backfil Img;‘\’/‘:r‘:ent
(saft) (c) o)
-270 26,000 0 28 3,276,000 1,348,148 3,033,333
-260 7,500 0 18 945,000 250,000 875,000
-245 8,200 0 3 902,000 41,000 751,667
Totals 41,700 5,123,000 1,639,148 4,660,000
Unit Costs
EISeaIIoor ) Length Agsumed Bf:lrrie;"b Cofferdam
e\,(fs'f)n ™ (lineal feet) Dep;/f E?:et) Hf;gg:) Sheet Piles Backfill |m§<r)c\)/i?:ent
($/sq ft) ($/cy) ($cy)
-270 26,000 0 28 $65.00 $3.90 $5.00
-260 75000 0 18 $65.00 $3.90 $5.00|
-245 8,200 0 3 $65.00 $3.90 $5.00
Totals 41,700
Total Costs
Seaﬂoor Length Assumed B.al'riel'b Cofferdam
E'e‘ﬁ‘gf” M (lineal feety |  Overex | Height” Ground
) Depth (feet)|  (feet) Sheet Piles Backfil
Improvement
-270 26,000 0 28 $212,940,000 $5,257,778 $15,166,667
-260 7,500 0 18 $61,425,000 $975,000 $4,375,000
-245 8,200 0 3 $58,630,000 $159,900 $3,758,333
Totals 41,700 $332,995,000 $6,392,678 $23,300,000
TOTAL CONSTRUCTION COSTS $362,687,678
Notes: MOBILIZATION (5% of earthwork) $18,134,384
a. Assumes Sea level of -247 feet MSL. UNLISTED ITEMS 10% $36,268,768
b. Assumes 5 feet of freeboard. CONTRACT COST  $417,090,829
CONTINGENCIES 25%  $104,272,707
FIELD COST  $521,363,537
NONCONTRACT COSTS 30%  $156,409,061
TOTAL PROJECT COST  $677,772,598
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